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ABSTRACT 
 
With increased fertilizer cost and the potential for increased environmental regulations in 
states like Illinois, many producers are interested in increasing the availability and effectiveness 
of their fertilizer applications.  Elevated yield levels of modern hybrids require higher amounts 
of nutrients and management to sustainably produce higher yield levels. Throughout a growing 
season, there are several factors that affect nutrient availability to plants, ultimately influencing 
how well a plant can partition nutrients into the required plant tissues. In order to sustain 
adequate nutrient uptake, assessment of several different management factors will help determine 
how each would contribute to sustainably producing higher yields across varying environments. 
The central objective of this thesis was to determine how different fertilizer technologies 
available to corn producers can effectively be integrated in management decisions to optimize 
nutrient availability in their high-yielding corn production systems. Chapter 1 focuses on 
phosphorus (P) management and how it can be managed to optimize plant use of applied 
nutrients. The International Plant Nutrition Institute (IPNI) is one organization that has increased 
the popularity of phosphorus management through the introduction of the four R’s (Right 
Source, Right Place, Right Rate, and Right Time). This research primarily focuses on the right 
source [Mono-ammonium Phosphate (MAP) vs. MicroEssentials® SZ™ (MESZ) with and 
without additions of PMAX phosphorus stabilizer], place (broadcast vs. placed) and rate (0, 50, 
100, 150 lbs P2O5 ac
-1
), though some of the data will support when nutrients are required for 
optimal plant use (Time). Chapter 1 results indicate that P availability was optimized for early 
season growth from banded fertilizer and increased phosphorus fertilizer application rates. 
Increased yields were attained from P fertilizer applications despite soils testing high in P. 
Further analysis of nutrient levels within the plants confirmed how fertilizer management can 
affect the availability of nutrients to the plant. The results of this research may serve as a guide 
for corn producers interested in improving the efficiency of their P fertility program. 
The primary objective of the research in Chapter 2 was to understand the potential synergies 
of combining seed treatments, in-furrow applications and foliar-applied products and how they 
may enhance nutrient utilization within the plant. Several different Stoller products were 
assessed across multiple P and nitrogen (N) fertility levels to determine which products may 
have the largest impact in producers operations where fertility levels change. Chapter 2 suggests 
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that combinations of the Stoller chemicals for enhanced plant growth have a positive effect on 
plant physiological processes and have the potential to improve nutrient use and yield. 
Corn growers have a number of products to choose from in order to supply crops with 
additional nutrients throughout the season, but often little is known about maximizing product 
effectiveness. The primary objective of the research in Chapter 3 was to understand the potential 
synergies between seed treatments and foliar-applied products which might enhance the 
utilization of N and other nutrients within the plant. Plant acquisition of nutrients on a timely 
basis throughout the season is not always possible, so supplemental applications of products 
throughout important phases of plant growth may enhance nutrient utilization within the plant. 
The experiment was conducted across a titration of N rates to indicate where supplemental 
applications have increased merit (low vs high N availability). The hypothesis of this study was 
that there would be minimal plant effects from applications of Stoller products, but the research 
suggested that when several of these plant growth enhancing chemicals were combined into 
management packages, their use may be warranted in certain instances due to increased N use 
efficiency and yield 
Increased yields of corn can be achieved through management practices that combine hybrids 
possessing a high yield potential with improved fertility practices and chemical protection from 
fungal, weed and insect pests. The overall objective of this research was to understand the 
potential synergies between nitrogen protection via a nitrification inhibitor, foliar insecticides, 
and a strobilurin fungicide and how they may optimize use of their resources. In-season 
chlorophyll ratings may provide opportunities for better final grain quality estimates. 
Additionally, use of fungicides, insecticides and nitrogen stabilizers suggested that nutrient use 
from applied nutrients could be increased by plants when multiple management practices were 
utilized.  
Although nutrient management is a complex process, improving our understanding of how 
fertilizer technologies and increased management impacts nutrient availability to corn plants 
creates opportunities for optimization of our current fertilizer management programs.  
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CHAPTER 1 
Managing Phosphorus Source, Rate and Placement for High-Yield 
Corn Production 
 
EXECUTIVE SUMMARY 
High fertilizer costs and concerns about water quality issues have caused many Midwest corn 
producers to take a greater interest in improving the efficiency of phosphorus (P) fertilizer 
applications. The focus of this research was to determine the effects of P source, rate and 
placement on P use efficiency in high-yield corn production systems. The experiment was 
conducted in 2012 and 2013 at two locations in Illinois. Two P fertilizer sources including mono-
ammonium phosphate (MAP, 11-52-0) and an enhanced MAP product containing sulfur and zinc 
(MicroEssentials® SZ™ [MESZ, 12-40-0-10S-1Zn, Mosaic Company, Plymouth, MN]) was 
applied alone or with the addition of PMAX [(Poly amino acid (L-aspartic acid), sodium salt) 
Rosen’s Diversified INC, Fairmont, MN], to determine the effect of improved fertilizer 
technology on P use efficiency.  Fertilizer placement effect was evaluated with two placement 
techniques: 1) traditional pre-plant broadcast with incorporation, and 2) banded fertility 
(placement of fertilizer 4 to 6 inches beneath the row immediately before planting). In 2012, 
there was a large response from MESZ without additions of PMAX when compared to the other 
P sources. Trial results from 2013 measured substantial biomass increases with phosphorus rate 
and placement in soils testing high in P (approximately 45 ppm), which was especially visually 
evident during early vegetative growth. Banded fertilizer increased early season plant weight by 
26 percent over traditional broadcast phosphorus fertilizer. Fertilizer use significantly increased 
yields in some cases and was influenced by source and rate. Fertilizer rate contributed to an 11 
bushel advantage in yield over the untreated check (UTC), while the phosphorus source MESZ 
significantly increased yield compared to MAP by about 2 bu. Acre
-1
. Some of these differences 
could be explained by assessing the nutrient contents of the plants at early vegetative stages or 
physiological maturity. Early-season growth showed a larger number of significant nutrient 
contents of several macro and micro nutrients within the plant, but tended to decrease with time. 
Regardless of how placement, source or rate of P fertilizer affected final yield results, it is 
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important to understand how P fertilizer technologies can enhance early season growth to set a 
solid foundation for the plant to grow. The results of this research can serve as a guide for corn 
producers interested in improving the efficiency of their P fertility program and to maximize the 
probability of early season growth responses in corn production systems in areas like Illinois. 
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INTRODUCTION 
The demand for phosphorus is predicted to increase by 50 to 100% by 2050 as global 
demand for food and changing diets increases phosphorus requirements (Cordell et al., 2009). As 
crop yields have increased, native soil fertility levels have consequently decreased in an effort to 
meet the demands of 2.5 billion additional mouths to feed by 2050, which has caused an 
increased dependence on commercial fertilizers to increase yields (Cordell et al., 2009; Zörb et 
al., 2014). Increased dependence of commercial fertilizers has been common in places like the 
Corn Belt where applications of organic sources of P have subsided with the number of animal 
operations. Between the years of 2005 and 2010, the median P soil test levels for North 
American decreased by over 1 ppm per year (Fixen et al, 2010). The most consistent P declines 
in North America occurred across the Corn Belt and Central Great Plains. In this time period, 
Illinois median soil test levels dropped by 10 ppm, indicating that much of the measured decline 
in soil P levels is due to the cumulative effects of crop removal exceeding P use across this 
region (Fixen et al., 2010; Reetz, 1999). If we do not develop new technologies and management 
strategies for phosphorus sources, agricultural yields will be severely compromised in the future 
(Cordell et al., 2009). 
Despite the need to maintain P soil test levels, there can be several potential negative 
environmental effects from applications of P fertilizer. Phosphorus loss to the environment is the 
leading cause for decreased local water quality that ultimately increases hazards to the 
surrounding communities (Sharpley, 2003). The Clean Water Act of 1972 and Water Quality Act 
of 1987 increased attention on the need to control nonpoint sources of pollution to achieve the 
nation’s water quality goals (Daniel et al., 1998; Sharpley et al., 1994). The consequences of 
agricultural P loss in runoff are ordinarily not of economic importance to a farmer; however, they 
can lead to significant off-site economic impacts several miles away from the P source (Daniel et 
al., 1998; Sharpley and Smith, 1989). Remedial strategies are often difficult and expensive to 
implement as contaminated waters cross political and regional boundaries, so it may be several 
years or decades before water quality improvement occurs. This reiterates the importance of 
increasing the understanding of land management systems and how P fertilization can 
sustainably increase crop production while maintaining environmental quality (Daniel et al., 
1998). Without greater awareness of the environmental consequences and improved fertilizer 
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management recommendations, current trends in fertilizer application can potentially exacerbate 
P loss to freshwater ecosystems (Michalak et al., 2013). 
The specific concern with P is that it binds tightly to soil particles that can be lost from 
agricultural fields through soil erosion and runoff, ultimately leading to eutrophication of nearby 
water bodies. Another concern associated with P fertilizer in agricultural systems is ironically 
related to no-tillage systems where P and other nutrients are placed on the soil surface as 
fertilizers or manures (Michalak et al., 2013). When nutrients are not incorporated into the soil, 
they are vulnerable to run-off following snow and rain events which moves nutrients to streams 
and lakes where they encourage algal blooms, resulting in eutrophication, poorer water quality, 
and reduced utility for recreational purposes. 
While there have been studies aimed at reducing fertilizer inputs for corn production, these 
have primarily attempted to reduce soil P concentrations around farmsteads with high levels of 
manure. Historically, soils high in P have been thought to have been the primary cause of P loss 
into an ecosystem, but soil testing alone cannot assess the potential of soil P loss from a single 
location and how it may contribute as a non-point-source pollution (Bundy, 2001). On the 
contrary, management practices may overshadow the environmental effects of soil test 
phosphorus when the management influences P losses from surface runoff (Bundy, 2001). A 
more comprehensive approach to P management has been the Phosphorus Index System which is 
based on fertilizer source, application method, fertilizer rate, soil P level, soil erosion (from 
tillage practices) and soils susceptibility to erosion (field geography, slope and proximity to 
water sources) (Lemunyon and Gilbert, 1993; Sharpley et al., 1994). Research that identified that 
the loss of fertilizer in runoff is influenced by the rate, time, method of application, and form of 
P added (P source) is an important starting point in order to further determine how each 
contributes to creating better fertilizer management programs (Omernik et al., 1981; Sharpley et 
al., 1993). 
 
Right Place 
The main objectives for fertilizer placement have been documented as methods that prevent 
or reduce environmental contamination, result in efficient fertilizer use by the plant, prevent 
fertilizer salt injury to plants and provide an economical and convenient operation of fertilizer 
application (Randall and Hoeft, 1988). Fertilizer placement was first recorded within the present 
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day United States in the early 1600’s when Squanto helped the Pilgrims enhance their cultivated 
crop yields by burying fish next to each hill of corn (Randall and Hoeft, 1988). Since those early 
times, we have realized that appropriate fertilizer placement is determined by soil test levels, the 
crop to be grown, soil texture, tillage system, and climatic conditions. 
Broadcasting applications of P fertilizer produce the most uniform P distribution within the 
root zone and provide more root contact with P; however, the method of application also 
promotes P fixation by maximizing contact between the soil and. Broadcast applications work 
well where soils are warm, soil test levels are high, and adequate moisture throughout the 
growing season ensures root proliferation near the surface.  High yielding row crops, especially 
corn may require relatively high P levels throughout the rooting zone for maximum yields 
(Miller and Ohlrogge, 1958; Randall et al., 2001a). 
Arguably, the most effective means of improving nutrient uptake results from positioning 
fertilizer nearer to crop roots; this is an especially important concern for P due to its immobility 
in soils (Boomsma et al., 2007). As a result of recent advancements in fertilizer banding 
capabilities and GPS technology, fertilizer can be placed at a specific depth with minimum 
disruption to soil structure in all tillage systems, including no-till and strip-till systems (Vyn, 
2008). Applying P fertilizer in a band below the plant alleviates the challenges associated with 
higher levels of P in the upper soil profile that are more susceptible to runoff and erosion, and 
places the fertilizer in closer proximity to crop roots (Bruulsema and Murrell, 2008). Banding of 
P fertilizers is advantageous where soil test levels are low, when soils are cool or wet and likely 
limit root growth and nutrient uptake, and for soils that have a high tendency to fix P in 
unavailable forms. In cool geographies even when soil test P levels are high, a band or row 
application of fertilizer at planting provides a readily available supply of nutrients to corn 
seedlings early in the season when root growth and nutrient release form the organic matter are 
slow (Armstrong, 1999; Bruulsema and Ketterings, 2008; Bundy, 2004; Dibb et al., 1990; 
Franzen and Gerwing, 1997; Khasawneh et al., 1980; Randall and Hoeft, 1988; USDA-NRCS, 
2014 ).  
Several studies have shown greater yield responses to surface or subsurface band applications 
of fertilizer P at low rates when compared to broadcast applications, but these studies have been 
most common on low soil test P levels (Dibb et al., 1990; Peterson et al., 1981; Randall and 
Hoeft, 1988; Sweeney, 1993). Larger corn growth responses and yields from applied fertilizer 
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have been shown to increase the surface cover from residue, which can lower the sediment and 
total phosphorus concentration being lost from corn production systems (Andraski and Bundy, 
2003). Similar research on medium to high P testing soils indicated that application method may 
not be as important (Peterson et al., 1981). By evaluating how banded (vs. broadcast) P 
placement would affect other fertility management practices (i.e. rate and source of application) 
on soils testing high in P, growers can make better management decisions across different parts 
of their operations as P fertility levels change.  
 
Right Source 
If corn producers could apply products that allow for greater plant growth throughout the 
growing season, this would result in greater plant uptake of nutrients. Greater nutrient uptake 
would produce an overall greater nutrient use efficiency that should allow the producer to 
maintain or apply less fertilizer based on their yield expectations. Recently, enhanced P fertilizer 
products such as MESZ that have multiple nutrients (N, P, S, & Zn) in a fertilizer granule or 
have multiple forms of a nutrient that can affect the timing of nutrient release (sulfate vs 
elemental sulfur) have been promoted as superior products for supporting crop growth relative to 
traditional MAP. These enhanced fertilizer sources may facilitate greater P availability and 
uptake, ultimately resulting in increased P use efficiency and/or increased yields. 
Interest has been generated in identifying technologies whereby P availability could be 
enhanced later in the season when a large proportion of total P is accumulated (Barry and Miller, 
1989; Bender et al., 2013a). Fertilizer technologies that may reduce P fixation have the potential 
to increase corn yield and decrease P loss. Fertilizers that are acid forming may improve the 
uptake of both applied and native soil forms of micronutrients (Vitosh et al., 2000). Acidulation 
of phosphorus fertilizers with sulfuric acid is usually necessary to solubilize mineral P 
(Armstrong, 1999). Limited research has shown that P enhancers (or stabilizers) such as PMAX 
[(poly amino acid) Rosen’s Diversified INC, Fairmont, MN] and Avail (a carboxylated polymer) 
had mixed effects on several plant growth and quality measurements including yield 
(Dudenhoeffer et al., 2013; McGrath and Binford, 2012). Further research needs to be conducted 
on these products across different environments and P fertilizer management regimes.  
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Sulfur and Zinc 
Phosphorus has been shown to strongly interact with other nutrients within the soil. High 
levels of phosphorus can make zinc (Zn) less available for plant growth, so additions of Zn can 
alleviate the problems associated with small amounts of zinc being tied up in high P soils 
(Schulte and Walsh, 1982). Depressive action of P on Zn uptake of corn appears to be largely 
physiological in nature, expressed at root surfaces and/or in root cells and is not a chemical 
inactivation of Zn by P in the soil (Langin et al., 1962). Corn seems to tolerate high 
concentrations of P in its tissues provided some modest quantity of Zn is present (Armstrong, 
1999; Stukenholtz et al., 1966; Takkar et al., 1976).  Fortunately, Zn and P translocation and 
deposition patterns have been found to be quite similar if the nutrients are taken up together 
(Armstrong, 1999; Bender et al., 2013b).  
The clean air act of 1970 has resulted in a decrease in sulfur (S) levels in our soils. According 
to Liebig’s Law of the Minimum, sulfur additions could increase nutrient uptake in responsive 
soils (assuming S was the most limiting nutrient) to a point where higher yields can be achieved. 
Sulfur applications in conjunction with P applications can enhance efficiency and consistency of 
nutrient applications while meeting the plant needs of both nutrients (Sawyer and Barker, 2011). 
Corn grain yield increase to S fertilization has occurred with high frequency and economically 
viable fertilization practices may occur on soils surrounding Iowa (Sawyer et al., 2011). MESZ 
has two forms of S: elemental and sulfate. Sulfur is primarily supplied by microbial 
decomposition of the soil OM (i.e. mineralization) into sulfate, which is a form that can easily be 
taken up by plants and leach through the soil profile (Fernández et al., 2012). Elemental sulfur is 
not as readily available as sulfate sulfur, and should be applied at least 2 months before the crop 
is planted so that it has time to be converted to plant available sulfate by the time the plant needs 
to acquire it (Laboski et al., 2006; Vitosh et al., 2000). This research can indicate that enhanced 
fertilizers that contain S and Zn may increase the uptake efficiency of other nutrients as well as P 
in the soil. 
 
Right Rate 
One challenge associated with increasing corn yields and selecting the appropriate amount of 
fertilizer is optimizing the capacity of each individual plant to access fertilizer through 
interception, diffusion and mass flow in the correct proportions throughout the growing season to 
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increase yield (Barber et al., 1963; Bruulsema and Ketterings, 2008). By comparing various rates 
of banded and broadcast fertilizers across different soil types and natural fertility levels, this 
research could indicate how producers can modify their fertility program for high-yielding and 
low-yielding environments.  
 
Right Time 
Timing of nutrient applications can have significant impacts on grain yield and the 
environment. Concerns associated with fall application of P fertilizer are that nutrients are more 
vulnerable to mineral fixation (tied-up in soil minerals and thus, unavailable for crop uptake), 
erosion, runoff, and other forms of P losses relative to fertilizer applications made closer to the 
time of plant uptake (Barber, 1980; USDA-NRCS, 2014 ). Spring applications of nutrients are 
likely to be more available for plant growth; however, there are often more constraints to 
application in spring due to planting activities and soil moisture conditions that limit timely 
access to the field. 
 
Nutrient Efficiency 
To prolong the availability of P fertilizers and lessen producer’s dependence upon them, 
growers need to increase P efficiency and research alternative sources (Cordell et al., 2009). 
Phosphorus efficiency can be calculated in several different ways, but the primary methods are to 
evaluate whether each additional input of P fertilizer would increase grain yield, or determine 
how much of the applied fertilizer is able to be used by the plant (uptake efficiency). Each of the 
four R’s of fertilizer best management practices (source, rate, time & placement) can influence 
nutrient availability and efficiency (Bruulsema and Ketterings, 2008). 
There are two primary phosphorus fertilizer sources: polyphosphates and orthophosphates 
(Penas and Sander, 1993). Polyphosphates can have additional nutrients mixed with the fertilizer, 
but plant P uptake occurs primarily as the orthophosphate ion, principally H2PO4
-
 and to a lesser 
extent HPO4
2-
 (Johnston and Syers, 2009). The different sources have not been documented to 
have any significant agronomic contributions for the desired rate for optimal plant growth. 
Fertilizer rate and its efficiency will be highly influenced by the environment in which it is 
placed.  
 9 
 
In work with grain sorghum by Sweeney (1993), the timing of nutrient uptake generally 
followed a sigmoidal pattern where banded fertilizer increased P and K maximum rates and 
shifted maximal uptake rates by one to two weeks earlier in the season, which may partially 
explain accelerated maturity within the plant (Sweeney, 1993). The timing of P uptake can be 
strongly influenced by soil temperature and moisture since plants cannot easily increase root 
growth in cool soil to take up P or from dry soil (Baligar et al., 2001; Eck and Fanning, 1961). In 
some instances, soil may be drier 6 to 12 inches deep than in the upper 6 inches of soil during 
periods of high P uptake. When this occurs, broadcast fertilizer applications may result in higher 
uptake than deep-banded applications (Boomsma et al., 2007; Hanway et al., 1980). 
Relative efficiency (increase of grain yield compared to amount of applied fertilizer) 
different placement methods of fertilizer such as broadcast P fertilizers varied with rate, 
depending on the soils (Welch et al., 1966). In general, banded P required less P than broadcast P 
to achieve specific yields due to a higher concentration of P in a small volume of soil primarily 
due to less P fixation with the soil. Banded fertilizer needed about half of the fertilizer to achieve 
the same yields as full rates of broadcast fertilizers (Kaiser et al., 2010; Laboski et al., 2006; 
Sturgul, 2010; Welch et al., 1966; Peterson et al., 1981). By evaluating how management 
practices such as P source, rate and placement can enhance the overall efficiency of fertility 
programs, growers should be better able to use this information to make proper management 
decisions in their corn production systems. The overall objectives of this research are to evaluate 
whether the rate of P is influenced by P source or by cultural practices such as placement, assess 
how placement of fertilizers enhance plant growth, and determine whether premium phosphorus 
fertilizer perform better than traditional fertilizers on soils testing high in P. effectiveness  
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MATERIALS AND METHODS 
 
Field Characteristics 
The trials were conducted at the University of Illinois Crop Sciences Research and Education 
Center in Champaign, IL (40.062908 N -88.228558 W), and a cooperating farmers field in 
Harrisburg IL (7.722489 N -88.435281 W) with soybean as the previous crop in 2012 and 2013. 
The Champaign site, mainly located on Flanagan silt loam with 0 to 2 percent slope had high 
levels of P based on spring soil tests taken from each rep (Table 1.1). Even though the 
experiment was placed at the Harrisburg location due to theorized lower fertility level of a Harco 
silt loam, which had nearly the same level of soil P (high) but slightly lower organic matter (OM) 
(Table 1.1). 
 
Agronomic Management 
A DeKalb corn hybrid (DKC62-97 VT3P RIB; 112 day relative maturity) previously 
characterized by our lab as being responsive to increased population and fertility was planted to 
achieve a final population of approximately 88,920 plants ha
-1
 (36,000 plants acre
-1
) with an 
ALMACO Seed Pro 360 planter (ALMACO, Nevada, IA). The Champaign site was planted May 
19
th
 in both years, while at Harrisburg planting was completed June 2
nd
 2012 and May 30
th
 2013. 
All plots received an in-furrow application of Force 3G (AMVAC, Los Angeles, Ca) [tefluthrin: 
(2,3,5,6-tetrafluoro-4-methylphenyl)methyl-(1,3)-(Z)-(±)-3-(2-chloro-3,3,3-trifluoro-1-
propenyl)-2,2-dimethylcyclopropanecarboxylate] soil insecticide at planting at a rate of 0.15 kg 
a.i. ha
-1
 (0.1335 lb a.i. ac
-1
). Weed control consisted of a pre-emergence application of Lumax 
EZ (Syngenta, Basel, Switzerland) [S-metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-
methoxy-1-methylethyl)acetamide)],  + atrazine (6-chloro-N-ethyl-N′-(1-methylethyl)-1,3,5-
triazine-2,4-diamine),  + mesotrione ([2-[4-(methylsufonyl)-2-nitrobenzoyl]-1,3-
cyclohexanedione) at a rate of 7 L ha
-1
 (3 qt. ac
-1
) and a post-emergence application of  ¾ rate 
(1.75 L ha
-1
,0.75 qt. ac
-1
)  glyphosate (N-(phosphonomethyl)glycine in the form of potassium 
salt) as Roundup POWERMAX (Monsanto, St. Louis, MO). Phosphorus applications were made 
directly prior to planting in both years. Banded P applications were conducted using an Orbit Air 
fertilizer distributor on a Dawn banding toolbar similar to that of a strip-till implement. 
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Broadcast fertilizer was applied prior to planting using a Kubota all-terrain vehicle carrying a 
broadcast spreader. After fertilizer applications, the plots were lightly harrowed to incorporate 
the fertilizer into the soil. Both the fertilizing and planting equipment utilized RTK guidance (± 
2”) from pass to pass. Each plot received 180 lbs ac-1 of N as urea (46-0-0), which was applied 
shortly following plant emergence. In 2012, a blanket fungicide treatment using 0.9 L ha
-1
 (12.5 
oz ac
-1
) of Headline Amp (BASF Corporation, Research Triangle Park, NC) [pyraclostrobin 
(carbamic acid, [2-[[[1-(4-chlorophenyl)-1H-pyrazol-3-yl]oxy]methyl]phenyl]methoxy-,methyl 
ester) and metconazole (5-[(4-chlorophenyl)methyl]-2,2-dimethyl-1-(1H-1,2,4-triazol-1-
ylmethyl)cyclopentanol)] was applied for higher yield potential management, but this treatment 
was discontinued in 2013 due to a lack of response in 2012. 
 
Growth Measurements 
In 2012, leaf reflectance readings were made with a crop circle (Holland Scientific INC, 
Lincoln, NE) to measure normalized difference vegetative index (NDVI). Due to considerable 
visual growth differences in 2013, growth was assessed by observing five plants across each plot. 
Early season SPAD measurements (V6 and V8 growth stages respectively) were conducted both 
years to evaluate initial plant health via chlorophyll readings with a Minolta SPAD handheld 
reader (Konica Minolta Holdings, Inc., Tokyo, Japan). Averages of early season SPAD 
measurements were averaged for the uppermost horizontal leaf on 20 consecutive plants, while 
late season SPAD data (R6 growth stage) were collected from the ear leaf on ten consecutive 
plants. Finally at R6 in 2012, plants were assessed for late season health by conducting 
senescence ratings. 
 
Plant Sampling and Partitioning 
During early vegetative stages [visible collar method (V6 in 2012 and V8 in 2013)] and at 
physiological maturity (R6), five plants per plot were manually excised at the soil surface to 
estimate above ground biomass. The plants were partitioned into their components (grain vs 
stover for R6), and biomass was determined by weighing the fresh plant stover and processing it 
through a Vermeer BC600XL chipper (Vermeer Corporation, Pella, IA) to obtain representative 
stover subsamples. The stover subsamples were immediately weighed do determine fresh weight  
(FW), and then weighed again after drying to 0 percent moisture in a forced air oven at 75C 
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(167F), so as to measure dry weight (DW) and calculate stover moisture content (MC) by 
Equation 1.1. 
      (
     
  
)                   (1.1) 
 The corn ears were dried and then weighed for grain and cob weight. The grain was removed 
using a corn sheller (AEC Group, St Charles, IA) and analyzed for moisture content using a 
Dickey John moisture reader (GSF, Ankeny IA). Cob weight was obtained by difference, and dry 
leaf and stalk weights were summed to calculate the overall mass of dry stover. Equation 1.2 was 
used to estimate total dry weight (TDW) from subsample moisture concentration (% MC) and 
total fresh weight (TFW) of the plant.   
           –                                 (1.2) 
Total biomass was derived algebraically from biomass per plant and stand counts, and is 
expressed on a dry weight basis (i.e., 0% moisture concentration).  
 
Sample Preparation and Results 
Stover and grain tissues were ground using a Wiley Mill (Thomas Scientific, Swedesboro, 
NJ) to pass through a 2 mm screen. A subsample of approximately 1 ounce was randomly 
selected for the following nutrient analyses by A & L Great Lakes Laboratories, Inc. (Fort 
Wayne, IN): nitrogen (N), P,  potassium (K), magnesium (Mg), S, Zn, manganese (Mn), boron 
(B), iron (Fe), copper (Cu), aluminum (Al), and sodium (Na). Nitrogen was analyzed by dry 
combustion and other nutrients by a two part acid-microwave digestion followed by Inductively 
Coupled Plasma (ICP) spectroscopy (Latimer and Horwitz, 2011). Macronutrient concentrations 
are expressed as a percentage by weight and micronutrients in parts per million. 
 
Phosphorus Calculations 
Nutrient (Nu) removal was calculated from grain and stover dry weights and the 
corresponding nutrient concentrations (Nuc), on the assumption that the whole above ground 
vegetative portion of the plant was used for early season measurements and only the corn grain 
was harvested for late season (R6) nutrient removal calculations (however, R6 stover samples 
were taken to analyze where nutrients were portioned within the plant and for total biomass). 
This value is a critical factor in the implementation of accurate fertilizer recommendation and 
replacement rates.  Equation 1.3 was used to calculate dry grain and stover macronutrient 
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contents, while micronutrient removals used a similar equation to convert micronutrient content 
into ounces. 
                                                                                  (1.3) 
Stover content was calculated using a similar equation as presented in equation 1.3. Total above-
ground nutrient uptake was calculated according to Equation 1.4.  This value estimates the 
quantity of available nutrients used to achieve corresponding grain and stover yields.   
                                                                        (1.4) 
Yield efficiency calculations for specific nutrients such as phosphorus (PUE) show the 
relationship between yield and the rate of applied phosphorus. These values indicate how well 
the applied phosphorus fertilizer (expressed as lbs P2O5) translates into additional yield (early 
vegetative weight vs. grain at harvest) and is calculated according to Equation 1.5 where Yield+P 
indicates yield in kg ac
-1
 at _x_ P rate (kg P2O5 ac
-1
), Yield-P is the yield in kg ac
-1
 at 0 kg P2O5 
ac
-1
, and P rate is the quantity of P fertilizer applied in kg P2O5 ac
-1
. 
                  
               
      
                                                                            (1.5) 
Total aboveground nutrient uptake (uptake efficiency) was calculated according to Equation 
1.6 where Plant+P indicates kg of P ac
-1
 in grain and stover, Plant-P is the kg of P ac
-1
 in grain and 
stover at 0 kg P2O5 ac
-1
, and P rate is the quantity of P fertilizer applied in kg P2O5 ac
-1
.This 
value estimates the quantity of labile nutrients used to achieve corresponding grain and stover 
yields.   
                            (
               
     
)                                          (1.6) 
Nutrient harvest index (HI) values estimate partitioning efficiency of nutrients to corn grain.  
These values identify the quantity of nutrient uptake partitioned to corn grain and were 
calculated according to Equation 1.7. 
                    (
               
                     
)                          (1.7) 
 
Harvest 
Prior to harvest, stand and lodging counts were conducted to determine the final plant 
population of the plots. At harvest, the center two rows of each plot were harvested with an 
ALMACO SPC40 combine (ALMACO, Nevada, IA) to determine grain weight and harvest 
moisture. Grain from the R6 sampling was added to the combine harvest weight to determine 
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grain yield. Grain yield is expressed as bu. acre
-1
 at 15.5% moisture concentration. A grain 
subsample from each plot was analyzed for grain using near-infrared transmittance spectroscopy 
(Infratec 1241 Grain Analyzer; FOS) and for the determination of kernel weight and kernel 
number. Grain harvests were conducted relatively earlier than annual average harvest dates at 
Champaign in 2012, where harvest was completed before the end of September. The Harrisburg 
location was not harvested in 2012 for reasons mentioned later. In 2013, the Harrisburg 
experiment was harvested on October 3 while the Champaign experiment was harvested on 
October 25
th
, which was consistent with the timing of harvest in the surrounding areas.  
 
Experimental Design and Statistical Analysis 
This experiment was conducted over the years of 2012 and 2013 with slightly different 
statistical designs in each year.  In 2012, the trial was a split-split block design that evaluated P 
source [Mono-ammonium Phosphate (MAP 11-52-0), & Micro Essentials SZ (MESZ 12-40-0-
10S-1Zn) (Mosaic Company, Plymouth, MN) applied alone or with PMAX [(Poly amino acid 
(L-aspartic acid), sodium salt) Rosen’s Diversified INC, Fairmont, MN] as the main block, 
phosphorus rate (0, 50, 100, 150 lbs P2O5 ac
-1
) randomly assigned as the split block, and 
phosphorus placement or application (broadcast vs. banded) randomly assigned as the split-split 
block in each of four replications. In the 2012 trials, the 0 lb UTC was associated with the 
phosphorus source, but did not account for additional UTC’s designated for the application type. 
The 2013 trial was modified into a more balanced split-split block randomized complete design 
with phosphorus source (MAP & MESZ) as the main block, phosphorus rate (0, 50, 100, 150 lbs 
P2O5 ac
-1
) randomly assigned as the split block, and phosphorus application (broadcast vs. 
banded) randomly assigned as the split-split block in each of six replications. An experimental 
unit consisted of four rows, 11.4 m (37.5 ft.) in length with 0.76 m (30 in.) spacing. The two 
center rows of each plot were used for treatment applications, in-season measurements and final 
grain yield assessment. 
All traits measured in this study were analyzed using PROC Mixed in SAS (Version 9.3; 
SAS Institute Inc., Cary, NC) and significance was declared at P ≤ 0.10 unless otherwise noted. 
Statistics were declared significant by evaluating differences with fixed effects being location, 
source, application and rate, while random variables were rep and rep*Psource nested within 
location. Location was only used to evaluate end of season measurements whereas early season 
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growth measurements were primarily taken only at Champaign in 2013. Because of an 
unsymmetrical statistical design in 2012, yields and measurements were compared as a 
difference to the untreated check (since there was one untreated check for all applications, rates 
and sources). ANOVA tables are shown for 2013, while 2012 values are indicated within the 
text. PROC UNIVARIATE was used to determine potential outliers and assess normality of 
residuals. Figures were prepared using Sigma Plot (Version 12.3 Systat Software Inc., Chicago, 
IL). 
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2012 RESULTS AND DISCUSSION 
Weather Conditions 
The 2012 growing season was the second warmest and tenth driest on record for Illinois. The 
season started with a warmer than normal winter that allowed for earlier planting across much of 
the state. Growing conditions for Champaign and Harrisburg were characterized by a warmer 
and drier than usual growing season. Champaign had high temperatures concurrent with a lack of 
precipitation throughout the vegetative and early reproductive stages of the plant, resulting in 
severe drought stress and lower than normal grain yield (Figure 1.1). At Harrisburg, precipitation 
was severely limited in total amount, leading to poor stand emergence and uniformity throughout 
the experiment. Due to the inconsistency of emergence across the experiment from dry 
conditions, the Harrisburg location was not harvested for yield. 
 
Leaf Chlorophyll Observations 
Early and late season observations were not conducive to consistent and reliable measures of 
P treatment effects on final yield. Early season leaf reflectance measurements (NDVI) trended to 
be greater for banded P than broadcast P despite the large differences between the placed 
fertilizer and the UTC (P ≤ 0.05, Table 1.2). As the drought progressed through the season 
spatial variability within the experiment likely confounded many of the visual assessments such 
as senescence ratings that were recorded late in the season.  
 
Grain Yield and Yield Components 
Despite the drought, the average experiment yield of 200 bu. ac
-1
 was higher than the 
national average of 123.4 bushels ac
-1
. Interestingly, we were still able to ascertain some 
treatment differences where P source had the largest impact on overall yield. Within the four 
sources (MAP and MESZ w & w/o PMAX), the average response from applied fertilizer of 
MESZ without PMAX yielded over 40 bushels better than the other P sources (P ≤ 0.001, Table 
1.2, & 1.3). Due to extreme variability throughout the experiment, it is likely that some of this 
yield response could be due to a lower check plot average yield, but sets the precedence that 
MESZ has the potential to be more available for plant growth than other P sources. Further 
analysis indicates that advancements in yields of P source and rate are presumably due to 
increases in kernel number (P ≤ 0.01, P ≤ 0.05, Table 1.4). PMAX impregnation on the dry 
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fertilizer is likely to have better responses under ideal growing conditions and has some 
influence on P fertilizer availability. This research indicates that PMAX may in fact be effecting 
P availability and preventing it to be readily released to plants. Since the availability of nutrients 
from PMAX during late growth periods coincided with severe weather challenges, it is difficult 
to ascertain the true benefits of this product.  
 
Grain Quality Components 
Grain quality measurements often indicated significant changes in protein, oil, and starch 
contents, but due to the spatial variability in the field and trends in grain quality measurements, 
there is little confidence in determining the best impacts of P fertilizer management techniques 
on these parameters. One consistent significant finding was that grain moisture can be affected 
by P management when compared across applications that received P fertilizer. Banded P 
applications showed a decrease in grain moisture at harvest over that of broadcast applications (P 
≤ 0.05, Table 1.2, data not shown) and thus showing consistency with earlier findings of placed 
fertilizer (Armstrong, 1999; Bates, 1971; Bruulsema and Murrell, 2008). P fertilizer sources of 
MESZ without the additions of PMAX increased fertilizer efficiency when compared to the other 
fertilizer sources that was largely influenced from improvements in yield (P ≤ 0.001, Table 1.2 & 
Figure 1.2). 
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2012 CONCLUSIONS 
High temperatures and drought stress at the Champaign location limited yields and response 
to P management. Due to a relatively dry spring and warm temperatures, spatial variability 
within the experiment was much more dramatic that in normal years and the response to P 
management was limited to a greater degree. Phosphorus source had a better than expected 
influence on grain yield, and the additions of PMAX had little effects in dry years. Despite the 
dry conditions, the research suggests that banding P fertilizer may decrease grain moisture that 
could allow producers to harvest sooner. 
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2012 FIGURES 
 
Figure 1.1. Precipitation and daily maximum and minimum temperatures during 
the 2012 growing season at Champaign, Illinois. 
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*Other sources include MESZ + PMAX, MAP + PMAX, and MAP - PMAX 
Figure 1.2. Efficiency of applied phosphorus fertilizer at increasing grain yield at 
Champaign, IL in 2012.  
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2012 TABLES 
Table 1.1. Average spring soil test levels across 6 replications at Champaign and Harrisburg, 
IL in 2013, also representative of 2012 soil nutrient levels. 
Location OM P K S Zn pH CEC 
  % ---------------------------------------------------------------  ppm*-----------------------------------------------------------   meq/100g 
CH 4.2 47.8 (H) 164.8 (H) 7.3 (L) 1.4 (L) 5.7 20.9 
HB 2.8 43.2 (H) 167.5 (M) 10.2 (M) 1.7 (L) 6.4 13.9 
Average 3.5 45.5 166.2 8.8 1.5 6.1 17.4 
*Mehlich-3 Extraction, 0-6” sampling depth 
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Table 1.2. Analysis of variance for fixed effects of plant physiological observations in 
Champaign, IL during 2012. 
Source of Error Yield 
Yield 
Diff* 
Kernel 
Number 
Grain 
Moisture NDVI PUE 
Source 0.0156 0.0014 0.0095 ns ns 0.0004 
prate ns ns ns ns ns ns 
Source*prate 0.0571 0.0637 0.0461 ns ns 0.0546 
Placement (place) ns ns ns 0.0244 0.0148 ns 
Source*place ns ns ns ns ns ns 
prate*place ns ns ns ns ns ns 
Source*prate*place ns ns ns ns ns ns 
* Yield Diff is the difference of the phosphorus treatment from the plot receiving no P fertilizer 
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Table 1.3.  Phosphorus Source and Rate Effects on Yield Response/ difference from the 
untreated check at Champaign, IL, during 2012. 
P Rate MAP- MAP+ MESZ- MESZ+ Grand Mean 
lb P2O5 Ac
-1
 --------------------------------------------------------------- bu ac
-1 
response from UTC ------------------------------------------------------------------------------- 
     0 194.8* 205.6* 175.9* 183.9* UTC Ave. 190* 
     50 -14.4 5.4 37.1 13.8 8.7 
     100 12.3 16.9 45.9 -16.4 14.4 
     150 14.9 -9.6 50.3 16.6 22.0 
Average 4.2 4.2 44.5 4.7 12.5 
+/- within P source indicates fertilizer with and without PMAX respectively 
*Actual UTC plot yield in bu ac
-1
 when averaged within P source and across placements 
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Table 1.4. Phosphorus Source and Rate Effects on Kernel Number at Champaign, IL during 
2012. 
P Rate MAP- MAP+ MESZ- MESZ+ Grand Mean 
lb P2O5 Ac
-1
 ------------------------------------------------------------------------------------------ kernels m
-2
 --------------------------------------------------------------------------------------------------------- 
     0 3197 3366 2900 3015 3120 
     50 2981 3517 3589 3273 3323 
     100 3351 3666 3617 2764 3303 
     150 3445 3244 3695 3293 3444 
Average 3246 3462 3524 3096 3319 
+/- within P source indicates fertilizer with and without PMAX respectively 
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2013 RESULTS AND DISCUSSION 
Weather Conditions 
Despite delayed planting across much of Illinois due to above average precipitation and 
below average temperatures in 2013, the weather provided a relatively good growing 
environment for early vegetative growth with ample moisture and low heat stress in May, June 
and July. Following pollination, Champaign experienced increased temperatures with very 
limited precipitation (Figure 1.3). This induced higher levels of stress during grain fill, which 
may have shortened the grain filling period and ultimately limited yield at Champaign. The 
environment at Harrisburg began with cooler weather and more frequent precipitation events 
than average, causing relatively good growing conditions early on (Figure 1.4). In the latter half 
of the growing season, the Harrisburg location was fortunate to receive a few more timely rains, 
but was still unable to overcome higher temperatures during grain fill. Even though weather was 
stressful at both locations during reproductive periods, the weather was far more conducive to 
growing corn than the previous year. 
 
Plant Growth Observations 
In 2013, cool environmental conditions were more adequate for a P responsive year. Early 
visual responses were common across both experiments, but were more pronounced in the 
northern Champaign location (Figure 1.5). Several visual differences could be observed across P 
rate, placement, and source, listed from higher to lessening contrasts from the UTC. When plant 
biomass measurements were made at the V8 growth stage, banded fertilizer performed 
significantly better than broadcast fertilizer at increasing early season growth across all P 
fertilizer rates (P ≤ 0.001, Table 1.5, Figure 1.6). At approximately the V10 stage (after peak 
visual differences between treatments), plants were staged and high rates (100 and 150 lbs P2O5 
ac
-1
) of P fertilizer significantly increased the growth of the plants by about half of a growth 
stage (P ≤ 0.01, Data not shown). This would be encouraging information for producers to 
observe to set a solid foundation of early season growth to be maximized upon for grain fill later 
in the season, but as the season progressed, the visual differences slowly became less obvious 
between treatments presumably due to larger amounts of P becoming available via 
mineralization from the soil (Figure 1.7). Early and late season SPAD measurements failed to 
give measurements consistent with those visually observed in the field during early vegetative 
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stages. At maturity, P source rate and placement treatments did not result in vegetative 
differences in despite visual differences earlier in the season. It raises the question of whether the 
plants that were shorter “behind” earlier in the season caught up to those that were taller, or more 
likely, that regardless of early season advancements, most of the plants in different treatments 
encountered a limitation of which to maximize yields as the season progressed (nutrients, water 
etc.). 
 
Grain Yield and Yield Components 
In 2013, average grain yields at Champaign and Harrisburg were within 1 bushel of each 
other (221.3 & 222.8 bu. ac
-1
 respectively). Phosphorus rate was the main contributor to 
increases in yield across both locations, with larger responses from the first initial input of 
fertilizer at Champaign as would be expected from the law of diminishing returns (P < 0.0001, 
Tables 1.6 & 1.7). When averaged across both locations, MESZ performed significantly better 
than MAP, especially at high fertilizer rates, indicating that MESZ may have some added 
characteristics than enable the fertilizer to be more effective for plant growth (P≤ 0.1, Table 1.6). 
Despite the early season visual responses from banded and increased rates of P fertilizer, 
phosphorus rate trended higher for final biomass, but was not statistically different (data not 
shown). Some research suggests that the soil disturbance from banding can aid better season-
long plant growth and have yield advantages at the end of the season (Licht and Al-Kaisi, 2005). 
We accounted for the soil disturbance effect in our study since both banded and broadcast 
applications had a banding toolbar run through the experiment to determine the effects of P 
fertilizer alone.  
The visual differences observed through the middle vegetative growth stages coincide with 
the timing of when kernel number is determined (Barry and Miller, 1989; Eghball and Sander, 
1989; Kaiser et al., 2005; Mallarino et al., 2011). The kernel numbers were significantly higher 
for Champaign than for Harrisburg, potentially due to better early season growing conditions. 
Increases in kernel number were largely influenced by P rate and P placement. Higher rates of P 
increased kernel numbers over that of the UTC, while banded fertilizers usually increased kernel 
number when compared to broadcast applications (Tables 1.6 & 1.8). Kernel number had a larger 
influence from banding at Champaign, indicating that the environment may influence fertilizer 
placement effects (Heckman et al., 2001; Randall et al., 2001b). Given that yields were similar 
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across application types, one would expect a concomitant decrease in kernel weight if increases 
in kernel numbers were observed. This was found to be true for broadcast fertilizers, which had 
heavier kernels when compared to banded fertilizers showing that something potentially limited 
the potential for banded fertilizers to continue to perform as they did in the early season and 
resulting in yield component compensation (Tables 1.6 & 1.9). The addition of any P fertilizer 
suggested that it was favorable to increasing kernel weights. The final factor that can affect yield 
is plant population (yield = # of plants * # of kernels per plant * weight per kernel). This year’s 
observations indicated that moderate rates of P fertilizer (50 and 100 lb P2O5 ac
-1
) had the largest 
influence on increasing final plant populations over that of the UTC by approximately 400 and 
900 plants per acre (Table 1.6, data not shown). 
 
Grain Quality Components 
There has been research to support that banded fertilizers hasten crop maturity and moisture, 
which concur with our findings (Bundy and Andraski, 2001; USDA-NRCS, 2014). Banded 
fertilizers consistently decreased grain moisture when compared to broadcast fertilizer 
applications at both locations (Tables 1.6 & 1.10). Grain quality components varied with 
treatments, but protein concentration was significantly influenced by location and P rate. 
Harrisburg’s grain protein concentrations were approximately half of a percent higher than those 
for Champaign (Figure 1.8 & Table 1.6). It should also be noted that applications of P fertilizer 
increased grain protein concentrations rather consistently over all P rates due to higher N in the 
grain.  
 
Nutrient Use Efficiency 
The amount of P taken up (uptake efficiency) and translated into biomass by plants was 
higher for banded than broadcast fertilizer applications (P ≤ 0.0001, Tables 1.5 & 1.11). Banded 
fertilizer was likely a driving factor to influence greater PUE and better availability of nutrients 
at early growth stages. In Champaign and Harrisburg, the environment provided conditions for a 
unique phenomenon of algae growing on the surface of the soil that was visually evident at high 
broadcast P application rates and suggested that banded P fertilizer was more efficient, or at least 
not as prone to surface runoff (Figure 1.9). This is a micro-scale observation of how excess P 
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fertilizer can stimulate algal development on the surface of a moist soil, paralleling its effect in 
promoting eutrophication in large bodies of water (Shaviv and Mikkelsen, 1993). 
 PUE at physiological maturity (R6) was higher at lower rates of MAP fertilizer inputs and 
tended to decrease in efficiency across both P sources as rates increased (Table 1.6, data not 
shown). Phosphorus fertilizer efficiencies are normally expected to range between 10 and 20% 
(Johnston and Syers, 2009; Pierzynski and Logan, 1993). The lower fertilizer efficiencies that we 
documented may be due to stressed plants in the latter half of the season, or soils with above 
optimal supply of P.  
 
Nutrient Contents 
Understanding how a plant uses its nutrients throughout its lifecycle is important so that the 
plant or soil can be managed for optimal yields. The early season visual differences that were 
observed tended to correlate to how nutrients were taken up within the plant. Phosphorus 
fertilizer placement contributed to large increases in early season N, P, S & Zn content (Tables 
1.5, 1.12, & 1.13). This significant finding indicates that placement of P fertilizer, regardless of 
the source, can potentially have a larger influence on the uptake of other nutrients within the 
plant. One may expect that additions of banded P fertilizer increased P content of the plant by 
over 41 percent, but not of other elements not in the P fertilizer (P ≤ 0.0001, Tables 1.5 & 1.12).  
Banded fertilizers significantly increased early season N, S and Zn by 24, 31 and 15 percent 
respectively (Tables 1.5, 1.12, & 1.13). The P source MESZ did contribute to early season 
increases of S and Zn contents in the plant by 14% and 19% respectively (Table 1.5, data not 
shown). Figure 1.10 illustrates a typical nutrient response curve that we observed for MESZ. 
Sulfur contents are consistently higher for MESZ than MAP early in the season, but 100 lb P2O5 
ac
-1
 typically optimized nutrient contents of other nutrients both early and at maturity. 
Phosphorus rate (when averaged across P sources) typically influenced larger differences in N, P, 
K, S, & Zn contents than did the impact from application method alone. These nutrients were 
increased 41, 62, 13, 51 and 19 percent respectively from the 150 lb fertilizer application when 
compared to the UTC (Tables 1.12 & 1.13).  
Phosphorus sources had an effect on total P content at physiological maturity, where MAP 
increased the total P levels when compared to MESZ (Tables 1.14 & 1.15). This was largely 
influenced by the amount of P that remained in the stover portions of the plant, but grain nutrient 
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contents contributed slightly too (Table 1.16 & 1.17). This resulted in MESZ having a larger P 
harvest index when compared to MAP (0.86 and 0.84 respectively), indicating that a larger 
portion of the nutrients from the plant were partitioned into the grain (P ≤ .05, data not shown). 
Despite slight increases in yields across both locations, reasons for MESZ to not perform as 
adequately as MAP to supply total amount of P and K at the end of the season were unclear; 
however, it most likely due to slightly lower grain yields at Champaign. Other reasons could be 
due to complex nutrient reactions from sulfur or zinc that has resulted in greater efficiency of P 
within the plant, fertilizer acidity or differences in availability and efficiency of the P alone. No 
late season effects were observed from P source on S and Zn contents, hence we postulate that 
any differences that were observed from antecedent growth were associated with increased 
biomass and the plants’ ability to use or dilute late season nutrient concentration.  
Nutrient contents of plants continued to be highly influenced by P rate at physiological 
maturity. Total phosphorus content of the entire plant continued to increase with supplemental 
applications of P fertilizer, while N and K contents tended to maximize at the 100 lb P2O5 rate 
(Tables 1.14 & 1.15). It is not uncommon for fertilizer response patterns to respond similar to the 
law of diminishing returns, but it is surprising that we do not observe more nutrients being taken 
up in larger quantities. One could speculate that P fertilizer may contribute to luxury 
consumption and is later utilized for plant growth, but similar trends in grain and stover would be 
needed to verify this. When comparing stover and grain P contents, we notice that in all 
occurrences, P content of the plant part of interest increases with the highest P fertilizer rate 
(1.15, 1.16 & 1.17). This suggests that even though P increased yields, it is likely not the most 
limiting nutrient for high yield corn production when grown on soils high in P. If P fertilizer is to 
be used, other nutrients and factors affecting plant growth will need to be managed for high-yield 
corn production systems. 
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2013 CONCLUSIONS 
Wet weather and cool temperatures made 2013 a year conducive to early season growth 
responses from P fertilizer. Our research parallels that of other P fertilizer research in that even 
though banded P fertilizer tends to increase early season growth, it does not necessarily translate 
into significant yield gains. Phosphorus fertilizer increased yields across all fertilizer rates, but 
maximized yields at the 100 lb P2O5 ac
-1
 rate on soils testing high in P. For reasons not entirely 
clear, this P application rate correlates well with maximum grain yield and contents of several 
nutrients. Fertilizer applications of P can increase grain quality and hasten crop maturity. 
Regardless of yield differences observed in 2013, banded P fertilizer and increased fertilizer rates 
set the foundation of higher yields by increasing kernel numbers. Phosphorus rate, placement and 
source are just a few factors of fertilizer management which influence how well plants can 
respond to their availability. By determining how we can protect yield and help plants to 
optimize nutrient availability, we will be able to move forward in how to sustainably raise yields 
while minimizing detrimental environmental impacts.   
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2013 FIGURES 
 
Figure 1.3. Precipitation and daily maximum and minimum temperatures during 
the 2013 growing season at Champaign, Illinois. 
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Figure 1.4. Precipitation and daily maximum and minimum temperatures during 
the 2013 growing season at Harrisburg, Illinois. 
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Figure 1.5. Photograph illustrating the early season visual responses that were 
evident between the treatments that received banded fertilizer (150lb P2O5 ac
-1 
MESZ, left) and the ones that did not (0 lb P2O5 ac
-1
, right) in soils testing high in 
phosphorus. 
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Figure 1.6. Early season biomass yield comparing banded vs. broadcast fertilizers 
over a titration of P fertilizer rates. 
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Figure 1.7. Photograph illustrating the mid-season visual responses that were still 
evident between the treatments that received banded fertilizer (150lb P2O5 ac
-1
 
MESZ, left) and the ones that did not (0 lb P2O5 ac
-1
, right), but visual differences 
were slowly diminishing as the season progressed. 
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Figure 1.8. Percent protein in the grain as affected by location and P fertilizer rates. 
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Figure 1.9. Visual representation of brown algae that was compared at 0 lbs P2O5 
ac
-1
 (left plot) and 100 lb P2O5 ac
-1
 (right plot) of broadcast fertilizer. 
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Figure 1.10. Sulfur content of corn at early vegetative stages across multiple P 
fertilizer application rates and sources. 
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Table 1.5. Analysis of variance of fixed effects for early season growth and nutrient measurements at Champaign, IL during 2013. 
Source of Error 
V8 
PUE* 
V8 Uptake 
Efficiency† 
V8 Veg. 
Yield 
V8 N 
content 
V8 P 
content 
V8 K 
content 
V8 S 
content V8 Zn content 
Psource (Source) ns ns ns ns ns ns 0.0074 0.0131 
Placement (Place) <.0001 <.0001 <.0001 <.0001 <.0001 ns <.0001 0.0104 
Source*Place ns ns ns ns ns ns ns ns 
Prate (Rate) ns ns <.0001 <.0001 <.0001 0.0770 <.0001 0.0520 
Source*Rate ns ns ns ns ns ns 0.0123 ns 
Place*Rate ns ns 0.0892 ns 0.0019 ns ns ns 
Source*Place*Rate ns ns ns ns ns ns 0.0167 ns 
*PUE calculated by (Yield +P –Yield -P) / P rate-indicates the amount of fertilizer P the plant uses to make yield 
†Uptake Efficiency  calculated by [(Plant P +P –Plant P -P) / P rate] x100-indicates the amount of fertilizer P the plant uses for total biomass 
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Table 1.6. Analysis of variance of fixed effects on grain yield, quality and plant physiological assessments at 
Champaign and Harrisburg, IL, during 2013. 
Source of Error 
Grain 
Yield 
Kernel 
Number 
Kernel 
Weight 
Grain 
Moisture Protein PUE 
Plant 
Population 
Location (Loc) ns <.0001 <.0001 <.0001 <.0001 ns <.0001 
Psource (Source) 0.0765 ns ns ns ns ns ns 
Psource*Location 0.0338 ns ns ns 0.0559 ns ns 
Placement (Place) ns 0.0105 0.0027 0.0350 ns ns ns 
Place*Loc ns 0.0892 ns ns ns ns ns 
Source*Place ns ns ns ns ns ns ns 
Source*Place*Loc ns ns ns ns ns ns ns 
Prate (Rate) <.0001 0.0002 0.0015 ns <.0001 ns 0.0314 
Rate*Loc 0.0812 ns ns ns ns ns 0.0114 
Source*Rate ns ns ns ns 0.0224 0.0733 ns 
Source*Rate*Loc 0.0046 ns 0.0160 0.0032 ns 0.0023 ns 
Place*Rate ns 0.0306 ns 0.0160 ns ns ns 
Place*Rate*Loc ns ns ns ns ns ns ns 
Souce*Place*Loc ns ns ns ns ns ns ns 
Source*Place*Loc*Rate ns ns ns ns ns ns ns 
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Table 1.7. 2013 P Source, Rate and Location Effects on Average Yield. 
 
Champaign (CU) Harrisburg (HB) Average Grain Yield 
Rate  MAP MESZ MAP MESZ CU Mean HB Mean Grand Mean 
lb P2O5 ac
-1
 --------------------------------------------------------------------------------------------------------------------------------------------- bu ac
-1
- -------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
0 --- --- --- --- 212.8 212.4 212.6 
50 224.7 216.2 212.7 220.7 220.5 216.7 218.6 
100 220.1 225.3 224.1 226.4 222.7 225.3 224.0 
150 224.2 217.4 221.2 231.7 220.8 226.5 223.6 
Average 223.0 219.6 219.3 226.3 221.3 222.8 222.1 
Rate LSD (=0.10)     3.6 4.4 3.1 
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Table 1.8. 2013 P Rate, Placement and Location Effects on Average Kernel Number. 
 
Champaign (CU) Harrisburg (HB) Average Kernel Number 
Rate  Broadcast Banded Broadcast Banded CU Mean HB Mean Grand Mean 
lb P2O5 ac
-1
 ------------------------------------------------------------------------------------------------------------ kernel m
-2 
----------------------------------------------------------------------------------------------------------------- 
0 --- --- --- --- 3733 3332 3533 
50 3736 3880 3367 3307 3808 3337 3572 
100 3774 3903 3392 3511 3838 3452 3645 
150 3768 3863 3422 3512 3816 3467 3641 
Average 3760 3882 3394 3443 3821 3419 3620 
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Table 1.9. 2013 P Rate, Placement and Location Effects on Average Kernel Weight. 
 
Champaign (CU) Harrisburg (HB) Average Kernel Weight      
 Rate Broadcast Banded Broadcast Banded CU Mean HB Mean Grand Mean  
lb P2O5 ac
-1
 ---------------------------------------------------------------------------------------------------------------------- mg kernel
-1 
------------------------------------------------------------------------------------------------------------ 
0 --- --- --- --- 303 338 321 
50 311 305 344 345 308 345 326 
100 312 306 349 344 309 347 328 
150 312 303 351 343 307 347 327 
Average 312 304 348 344 308 346 327 
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Table 1.10. 2013 P Rate, Placement, and Location Effects on Average Grain Moisture. 
 
Champaign (CU) Harrisburg (HB) Average Grain Moisture 
Rate  Broadcast Banded Broadcast Banded CU Mean HB Mean Grand Mean  
lb P2O5 ac
-1
 -------------------------------------------------------------------------------------------- % ---------------------------------------------------------------------------------------------------------- 
0 --- --- --- --- 21.1 26.2 23.7 
50 21.5 21.4 26.2 26.0 21.5 26.1 23.8 
100 21.9 20.7 26.3 26.0 21.3 26.2 23.7 
150 21.5 20.5 26.2 26.0 21.0 26.1 23.6 
Average 21.7 20.9 26.3 26.0 21.3 26.1 23.7 
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Table 1.11. 2013 P Placement Effects on Early Growth (V8) Efficiencies at Champaign, IL. 
 
PUE Uptake Efficiency   
Rate  Broadcast Banded Broadcast Banded PUE Average Uptake Average 
lb P2O5 ac
-1
 kg kg P2O5
-1
 kg kg P2O5
-1
 kg kg P2O5
-1
 kg kg P2O5
-1
 
0 --- --- --- --- --- --- 
50 1.61 7.34 0.79 3.66 4.5 2.2 
100 1.78 5.26 1.00 2.59 3.5 1.8 
150 1.18 4.00 0.60 2.51 2.6 1.6 
Average 1.5 5.5 0.8 2.9 3.5 1.9 
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Table 1.12. 2013 P Placement Effects on Early Growth (V8) Nutrient Contents at Champaign, IL. 
  N Content P Content K Content Nutrient Content 
Rate Broadcast Banded Broadcast Banded Broadcast Banded N Mean P Mean K Mean 
lbs P2O5 ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 
0 --- --- --- --- --- --- 37.7 8.7 39.5 
50 42.5 48.8 9.9 12.7 40.3 46.6 45.7 11.3 43.4 
100 44.9 59.6 10.6 15.1 43.9 52.1 52.2 12.9 48.0 
150 47.8 58.8 11.3 16.9 44.0 44.9 53.3 14.1 44.5 
Average 45.1 55.7 10.6 14.9 42.7 47.9 47.2 11.7 43.8 
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Table 1.13. 2013 P Placement Effects on Early Growth S and Zn Nutrient Contents at Champaign, IL. 
  S Content Zn Content Nutrient Content  
Rate Broadcast Banded Broadcast Banded S Mean Zn Mean 
lbs P2O5 ac
-1
 lbs S ac
-1
 oz Zn ac
-1
 lbs S ac
-1
 oz Zn ac
-1
 
0 --- --- --- --- 2.24 0.52 
50 2.67 3.17 0.54 0.58 2.92 0.56 
100 2.73 4.02 0.55 0.65 3.38 0.60 
150 2.97 3.78 0.56 0.67 3.38 0.62 
Average 2.79 3.66 0.55 0.63 2.98 0.57 
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 Table 1.14.  Analysis of variance of fixed effects for total (grain + stover), grain and stover nutrient contents at Champaign, IL 
during 2013. 
Source of Error Total N Total P Total K 
Grain N 
content 
Grain P 
content 
Grain K 
content 
R6 Stover 
N content 
R6 Stover 
P content 
R6 Stover 
K content 
Psource (Source) ns 0.0434 ns ns ns ns ns 0.0154 ns 
Placement (Place) ns ns ns ns ns ns ns ns ns 
Source*Place ns ns ns ns ns ns ns ns ns 
Prate (Rate) 0.0118 0.0001 ns 0.0058 <.0001 0.0087 0.0866 0.0422 ns 
Source*Rate ns 0.0468 ns ns 0.0427 0.0197 ns ns ns 
Place*Rate ns ns ns ns ns ns ns ns ns 
Source*Place*Rate ns ns ns ns ns ns ns ns ns 
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Table 1.15. 2013 P Source and Rate Effects on R6 Total Nutrient Contents at Champaign, IL. 
  N Content P Content K Content Nutrient Content 
Rate MAP MESZ MAP MESZ MAP MESZ N Mean P Mean K Mean 
lbs P2O5 ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 
0 --- --- --- --- --- --- 178.8 57.4 181.5 
50 196.4 182.0 61.4 58.4 183.2 181.6 189.2 59.9 182.4 
100 196.9 194.7 64.4 61.6 200.5 187.3 195.9 63.1 194.2 
150 196.5 194.5 67.2 61.4 191.9 180.7 195.5 64.5 186.5 
Average 196.6 190.4 64.3 60.5 191.9 183.2 189.7 61.2 186.1 
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Table 1.16. 2013 P Source & Rate Effects on R6 Grain Nutrient Contents at Champaign, IL. 
  N Content P Content K Content   Nutrient Content 
Rate MAP MESZ MAP MESZ MAP MESZ N Mean P Mean K Mean 
lbs P2O5 ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 
0 --- --- --- --- --- --- 109.2 49.0 38.0 
50 121.5 112.3 52.4 49.6 40.0 38.7 116.9 51.0 39.3 
100 118.1 117.5 53.5 52.8 40.4 40.4 117.8 53.2 40.4 
150 119.6 114.6 55.2 52.7 41.0 38.7 117.1 54.0 39.9 
Average 119.7 114.7 53.7 51.7 40.5 39.2 115.2 51.8 39.4 
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Table 1.17. 2013 P Source & Rate Effects on R6 Stover Nutrient Contents at Champaign, IL. 
  N Content P Content K Content Nutrient Content 
Rate MAP MESZ MAP MESZ MAP MESZ N Mean P Mean K Mean 
lbs P2O5 ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 lbs N ac
-1
 lbs P2O5 ac
-1
 lbs K2O ac
-1
 
0 --- --- --- --- --- --- 69.6 8.4 143.5 
50 116.5 95.8 9.0 8.8 143.2 142.9 116.5 8.9 143.1 
100 97.0 101.4 10.8 8.8 160.1 146.8 101.4 9.9 153.8 
150 100.7 95.6 12.1 8.9 150.8 142.2 100.7 10.5 146.7 
Average 116.5 101.4 10.6 8.8 151.4 144.0 74.5 9.4 146.7 
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Chapter 2 
Improving Plant Growth with Phosphorus and Bio-Stimulant 
Products 
 
EXECUTIVE SUMMARY 
Increased corn grain yields can be achieved through management practices that combine high 
yielding hybrids with improved fertility practices and chemicals that enhance plant growth. New 
products are constantly becoming available for corn growers to push their yields to the next 
level, but they are often faced with trying to determine how beneficial the products will be on 
their operations. The primary objective of this research was to understand the potential synergies 
between Stoller seed treatments, in furrow applications and foliar applied products which might 
enhance nutrient utilization within the plant. Our hypothesis was that the effectiveness of adding 
multiple Stoller products (Stoller USA, Houston, TX) throughout several important phases of 
plant growth would have little effect on enhancing plant growth and nutrient utilization, 
especially when other factors such as nutrients would be limiting. Measurements including grain 
yield, yield components (kernel number and kernel weight), grain quality (oil, protein, and 
starch), and nutrient use efficiency (Nitrogen & Phosphorus) allowed us to evaluate the 
importance of various products across a three level phosphorus rate titration and two nitrogen 
rates. 
High temperatures and drought stress in August likely limited yields and response to 
management inputs. Due to a relatively wet spring, soil nitrogen (N) loss through leaching and 
denitrification was likely high, which resulted in a better than average response of applied N 
fertilizer. The cooler than average spring limited phosphorus (P) availability to plants early on, 
which likely contributed to the phosphorus fertilizer response. As such, there were several 
significant a priori contrasts including nitrogen and phosphorus application rates. 
The Bio-Forge package (Stoller USA, Houston, TX) of products significantly increased grain 
and dry matter yield while decreasing NUE. Bio-Forge had tended to increase yield at 0 N rates 
through an increase in kernel number. A few instances of altered grain composition occurred as a 
result of Stoller treatments, but the measured changes were relatively minor and the 
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physiological causes are not clear. These results suggest that products which promote plant 
health and hormonal balance have the potential to improve nutrient accumulation, utilization, and 
in some cases yield. 
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INTRODUCTION 
Increasing yields of modern corn hybrids have been shown to influence the amount of 
nutrients used to produce grain with current production practices. New technologies that aid in 
fertilizer availability to plants can potentially influence the amount of fertilizers that we may 
need to be using for growing corn with today’s high yield potential. Plant growth regulators and 
micronutrients may be a relatively new technology available to producers to influence growth, 
both in high yield potential and stressed corn environments. Understanding how these 
technologies can be combined with management practices where adequate amounts of N and P 
fertilizer are applied is critical to being able to optimize corn production. 
 
Phosphorus 
Phosphorus is one of the 17 essential plant nutrients and plant growth cannot progress 
without adequate amounts of P. Phosphorus is taken up through the root primarily as H2PO4
-
 and 
sometimes HPO4
2-
 especially as pH increases (Armstrong, 1999). Phosphorus within the plant is 
essential for building DNA, phosphoproteins, phospholipids, sugar phosphates, enzymes and 
energy rich phosphate compounds. These plant components enable the plant to properly conduct 
photosynthesis, transfer genes, move energy and move nutrients to their respective regions 
within the plant. These interactions allow the plant to properly grow and develop, but when P is 
not available, P deficiencies can occur (Armstrong, 1999). 
Phosphorus has a significant effect on early season growth in plants. Adequate P levels 
promote root and shoot growth, stimulate tillering, hasten maturity, and increase water use 
efficiency and grain yield (USDA-NRCS,2014). Cold temperatures and nutrient deficiencies can 
severely limit root growth and nutrient uptake. Phosphorus uptake is strongly influenced by soil 
moisture since plants cannot take up P from dry or saturated soils, indicating that adequate soil 
aeration is important for P availability to plants (Eck and Fanning, 1961; Hanway et al., 1980).  
Phosphorus is a nutrient needed in larger quantities for corn because it is taken up at a 
relatively constant rate throughout its lifecycle. Nearly 80% of total phosphorus taken up by a 
plant is partitioned into the grain at harvest (Bender et al., 2013). Due to large amounts of P that 
are translocated from the leaves to the grain in the second half of the growing season, there is 
limited supply of nutrients and photoassimilates to the roots, which can restrict continued 
exploration and nutrient uptake (Hanway et al., 1980). At grain filling, leaves that supply large 
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amounts of nutrients may benefit from late season applications of foliar nutrients, which have 
been found effective for increasing yields in several crops (Hanway et al., 1980). This is largely 
due to the timing of nutrient availability and what nutrients roots are able to actively take up 
from the fertilizer or soil (Hanway et al., 1980). In one study, the uptake of fertilizer P by three 
week old corn plants increased with the extent of root development, rate of P applied, and 
decreased with increased levels of P in the plant (Duncan and Ohlrogge, 1959). In another P 
study, grain yield was increased by P fertilization through the six leaf stage due to increases in 
kernel number, although other nutrients were required to prevent P deficiencies and maximize 
yield (Barry and Miller, 1989).  
Phosphorus applications to soil can cause detrimental environmental effects.  Phosphorus 
losses by surface erosion and runoff have been the main emphasis of P research due to P being 
relatively immobile within the soil. Leaching losses of P are also a subject of growing concern, 
especially for deep sandy soils or those with high organic matter (OM) or high levels of soil-test 
P (Sims et al., 1998). Fertilizer management technologies that perform better under low P rates 
or increase P utilization can be beneficial to both a producer’s bottom line profitability, as well 
as for the environment by decreasing the likelihood of P contamination of surrounding water 
resources. 
Increasing fertilizer prices and environmental regulations entice producers to search for 
alternative solutions to manage their P fertilizer input. By properly managing inputs and 
reevaluating how crops use what is applied, producers may be able to find ways to maintain or 
enhance their current yield or profitability levels while creating a more environmentally friendly 
cropping system. 
 
Nitrogen-Influence on Nutrient Uptake 
Nitrogen is typically the essential nutrient needed in largest quantities to produce maximum 
yields. Research has shown that the addition of N can lead to increased adsorption of P, higher P 
concentrations in leaves, and higher yields regardless of soil P levels (Fageria, 2001; Hanway et 
al., 1980; Kamprath, 1987). The addition of N can increase P uptake by increasing root growth, 
and the ability of roots to absorb and translocate P. This is partially due to decreasing soil pH as 
a result of NH4
+
 absorption that would lead to an increased solubility of P fertilizer (Fageria, 
2001).  
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Nitrogen mixed with P fertilizer increased the uptake of nutrients over a wider range of 
conditions when compared to N & P nutrients that were placed separately (Fageria, 2001; Miller 
and Ohlrogge, 1958). Adding Triple Super Phosphate (TSP) or Mono Ammonium Phosphate 
(MAP) to urea reduced NH3 losses from 30 to 90% when compared to urea alone (Fan and 
Mackenzie, 1993). Applying urea fertilizer with TSP or MAP fertilizers can enhance the 
efficiency of the applied N to plants due to increased root proliferation and mitigate NH3 losses 
to the atmosphere (Duncan and Ohlrogge, 1958; Fageria, 2001; Fan and Mackenzie, 1993). By 
identifying how different fertilizers such as N and P can influence one another under high 
yielding corn production systems, one may better ascertain how plants can better utilize the 
applied nutrients. 
 
Micronutrient Effects on Nutrient Use 
Since it is well known that P and N fertilizers can be both beneficial to raising corn yields 
and harmful if released recklessly into the environment, it is important to realize the potential of 
using other technologies to increase the availability of these nutrients. Research by Mengel and 
Barber (1974) demonstrated that high nutrient fluxes into young corn plants required higher 
levels of available nutrients during early plant growth rather than later in the growth cycle due to 
the amount and proportions of the roots in the soil. Fertilizer technologies such as micronutrient 
and plant growth regulator combinations can affect plant growth. The response to these bio-
stimulant type products not only can increase yields under certain environments, but may also 
allow plants to be able to better respond or utilize lower nutrient application rates. 
Growing interest in micronutrients is largely due to the perceived importance of these 
nutrients to escalating the profitability of grain production with high populations of modern high-
yielding corn hybrids. Recent advances in fertilizer technology have allowed for increased 
availability of properly placed nutrients with the added convenience of tank-mixing 
micronutrients for fluid applications. These improvements in micronutrient application have 
enhanced retailer profitability and increased awareness of soil nutrient deficiency symptoms by 
producers and agronomists (Sturgul, 2010). 
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Seed Power-Cobalt 
Plant growth can be stimulated by low concentrations of cobalt (Co) in the growth medium 
(Palit et al., 1994). Recently, Seed Power (Stoller USA, Houston, TX), a chelated form of Cobalt 
applied to the seed has become of increased interest to producers for corn production. Co has 
been found to be an important fertilizer when pre-seeding, or pre-sowing of chemicals in crops 
such as potatoes, groundnuts, cabbage, apple, buckwheat, cowpea and soybean (Palit et al., 
1994). The highest yield increases in these crops was due to increased nodule number in legumes 
and percent protein. Even though corn does not fix its own nitrogen, other research has found 
that Co can have effects on crops with high Co demands. Early research of Seed Power was 
found to significantly increase seed germination of lettuce (a crop requiring a relatively high 
amount of Co compared to other crops) and shorten emergence time (Nair et al., 2012). Even 
though there were significant increases in lettuce growth early on in controlled environments, 
after growing the lettuce transplants in the field differences in plant weight were not able to be 
ascertained (Nair et al., 2012).  
Despite the findings that few yield advancements have been observed from additions of 
cobalt fertilizer, Co can influence early season plant growth and potentially set the foundation for 
better yields. Additions of Co
2+
 have been found to retard senescence of lettuce due to decreases 
in ethylene, and pre-sowing treatments of cobalt nitrate increased drought resistance of other 
plants (Palit et al., 1994). An increase in the quantity of roots from Co can positively influence 
microflora in the rhizosphere. The microflora greatly influenced the amount of fixation of 
ammonium and nitrogen while increasing phosphorus mineralization (Palit et al., 1994).  
Experiments conducted in the field have resulted in different responses of cobalt when 
compared to those conducted in the greenhouse. Cobalt availability within the field environment 
seemed to fluctuate with the progress of the growing season, as well as being influenced by 
waterlogging (Adams et al., 1969). In general, studies have indicated that Co can positively 
influence plant growth above and below ground but it is not well understood whether these 
physiological changes can consistently and positively increase plant yield, especially in high-
yield corn production systems. 
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More Power-Calcium 
Calcium (Ca) is one of the only nutrients responsible for movement of water from the roots 
through the leaves. More Power (Stoller USA, Houston, TX), a form of Ca applied as an in-
furrow starter solution has become of increased interest to producers to move nutrients to where 
they are needed within the plant.  Unlike N, P and Potassium (K), Ca increases in concentration 
of plant tissue as the plants mature (Kelling and Schulte, 1998). Generally, soils in the Midwest 
supply enough exchangeable calcium (300-5000 ppm) for crop growth of 25-100 lb acre
-1 
annually (Kelling and Schulte, 1998). Despite the soils’ ability to supply such a large quantity of 
Ca, additions of calcium have shown to decrease leaf senescence of corn leaves, and have an 
additive effect of cytokinins deferral of senescence. Poovaiah (1973) noted that calcium 
additions suppressed the effects of senescence such as chlorophyll content, decrease in grain 
protein, apparent free space increase, and increases in hydraulic permeability. High rates of P 
with foliar applications of zinc (Zn) and Ca increased cottonseed yield and protein contents. The 
increase in protein was mostly associated with applications of P and Zn, while high applications 
of Ca (60 ppm) increased yield (in spite of Ca lowering protein concentration) (Sawan et al., 
2001). Previous research has shown the importance of Ca in a range of crops, but more research 
needs to be directed at the interaction of calcium with other nutrients such as P on changes in 
plant physiology. 
 
Bio-Forge ST-Nitrogen, Potash 
Potassium is an important element for plants in that it activates enzymes that control 
metabolic processes for the protection of proteins and sugars. Potassium is also an essential 
component of regulating water content of plant cells by influencing changes in cell turgor. 
Sufficient potassium levels allow for plants to adequately open stomata for gas exchange to 
support photosynthesis and transpiration that drives nutrient uptake by mass flow.. Enabling 
plants to maintain a level of potassium in their cells allows the plants to combat adverse effects 
of drought, frost, insect and disease damage (Johnston et al., 2003). 
Most Midwestern soils contain large amounts of potassium, but most of it is not plant-
available. Potassium has been found to be low in soils that are sandy, waterlogged, organic, 
saline, or acidic (Zörb et al., 2014). Applications of potassium can increase the water-holding 
capacity of the soil as well as improve the structural stability of soils (Zörb et al., 2014).  Current 
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soil analysis methods for K are not necessarily accurate for some soils and pose the risk for 
imbalanced fertilization. Regardless of the soil test results, intensive management has been 
shown to increase yields in some agricultural production systems, and K is becoming a more 
frequent limiting element. In these situations, crops need to be supplied with soluble K fertilizers 
such as potassium chloride (KCl), which is the primary form of K fertilizer that is used in 
agriculture (Zörb et al., 2014). Most K applications are broadcast to the soil in relatively large 
amounts, but little research has been conducted to assess the validity of small amounts of K 
applied as a seed treatment.  
High levels of potassium have shown to have some antagonistic effects of absorption of Ca
2+
 
and Mg
2+
 for certain plant species and environments. Phosphorus and Ca uptake was 
significantly decreased with increasing concentration of K that was added (Fageria, 2001). This 
is likely due to the high mobility of K that permitted the absorption of P and Ca at lower 
concentrations of K while higher concentrations of K hindered the absorption of other ions 
(Fageria, 2001). While K may influence the availability of other nutrients, it is important to 
weigh the benefits and consequences of too much or too little applied K in any fertilizer 
management programs. In environments where potassium is limiting and large amounts of 
potassium fertilizer applications are unfeasible, small amounts of seed treated fertilizer may be 
an effective solution to get plants off to a healthy start. Stoller’s Bio-Forge St (Stoller USA, 
Houston, TX), is comprised of a low analysis (2-0-3) seed treatment that can be put on at the 
time of planting to help initiate root growth. Placement of K in close proximity to the seed 
provides higher concentrations of nutrients near roots which is important when conditions inhibit 
root proliferation and or crop development such as cool wet springs or late planting of corn 
hybrids with longer relative maturities (Murrell and Munson, 1999). 
 
Bio-Forge-diformyl Urea 
Foliar sprays of urea are fairly common for producers to supplement small amounts of N 
directly to the plants; however, use of N, N’ Diformylurea to increase corn yield are not well 
documented. In one study, foliar amendments of Stoller Bio-Forge [(N, N’ Diformylurea) Stoller 
USA, Houston, TX] and Sugar Mover [B & Molybdenum (Mo)] increased yield when additional 
P and K were supplied, but were similar to the untreated check (UTC) with no P and K fertilizers 
indicating that they may increase yield under higher yielding environments or when nutrients are 
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non-limiting (Slaton et al., 2013). Even though yield responses were found with applications of 
N,N’ Diformylurea (the components of Bio-Forge), the benefits of foliar applied solutions should 
be determined across numerous site years of research to determine when one would be able to 
best predict a positive response (Slaton et al., 2013). In general foliar applications of nutrient 
fertilizers are most effective on larger plants that are able to hold and absorb more of the sprayed 
fertilizer, but foliar applications will likely not be able to replace soil fertilization of major 
nutrients (Ling and Silberbush, 2002). 
 
X-Cyte-Cytokinin  
Cytokinins have been challenging to research in that they can influence rather complex 
reactions on plant growth and interact with other plant enzymes and growth regulators. 
Cytokinins regulate the proliferation and differentiation of plant cells and can positively affect 
growth and development such as delayed plant senescence, control of apical dominance and 
increase kernel number and weight (Sakakibara et al., 2006; Stoller et al., 2012). Under water 
limitations and drought, cytokinins have been shown to positively influence root growth to 
coordinate acquisition of nutrients from the soil and maintain photosynthetic activity (Werner 
and Schmülling, 2009). Application of the cytokinin kinetin [(the same form that is in X-CYTE) 
(Stoller USA, Houston, TX)] to plant roots or leaves may allow plants to overcome or 
substantially mitigate autophagy when applied prior to flowering (Stoller et al., 2012).  
Research has shown an interaction between cytokinin and phosphorus within plants. 
Phosphorus deficiencies can lead to decreased cytokinin content in plants; which suggests that 
cytokinins have a positive relationship with P. Cytokinins suppress lateral root growth in plants 
grown in low P environments. Plants grown in low P soils increase the ratio of shoot/root and are 
paralleled by a decrease in cytokinin concentration (López-Bucio et al., 2003). One could 
hypothesize that by applying a cytokinin, phosphorus uptake might be increased due to better 
root growth, especially in low P environments (de Groot et al., 2003; Fageria, 2001; Sakakibara 
et al., 2006). 
Cytokinins may have synergistic effects when combined with other nutrients such as N. 
Cytokinins have been shown to positively affect stomata opening while nitrates have been found 
to increase water transfer across roots (Sakakibara et al., 2006). Other studies have shown that 
applications of kinetin increased plant growth of corn, but two months after planting the effect of 
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kinetin on plant growth were not evident and did not translate into yield differences (Pan et al., 
1999). A better understanding is needed of factors affecting cytokinin performance in natural 
field settings and how they are influenced by varying levels of other nutrients. 
 
Sugar Mover-Boron, Molybdenum 
Sugar Mover, a micronutrient package of boron and molybdenum is proposed to aid in 
enhancing photosynthate production and partitioning in the plant. Research indicates an increase 
in carbon fixation and an increase in sugar transport from the leaves to the sink tissues. The 
combination of B and Mo is theorized to adjust hormone balance at various growth stages that 
results in a more desirable architecture of the crop plant through modification of the non-
mevalonate (MEP) pathway and abscisic acid (ABA): gibberellic acid (GA) ratios (Stoller et al., 
2005). 
Boron is important for cell division, pollination, and cell wall synthesis in plants. When B 
availability is limiting (e.g. in dry soils), it can severely reduce yields and hinder growth or kill 
the plant due to the termination of development in the plants growing points (Kelling, 1999; 
Sturgul, 2010). Adequate levels of B have also been shown to increase the uptake of P when 
compared to B deficient roots of some plants (Blevins and Lukaszewski, 1998). Foliar 
applications of B fertilizer are more effective than broadcast B fertilizer applications (Peterson 
and MacGregor, 1966; Touchton and Boswell, 1975). Other research indicates that boron should 
be applied before VT to avoid antagonism with pyraclostrobin fungicides on fine textured soils. 
While early applications of fungicides and B increased the yields over the UTC, no benefit was 
observed when a fungicide and B were applied at VT (Nelson and Meinhardt, 2011). 
Molybdenum is the least abundant essential micronutrient found in most plant tissues and is 
often set as the base by which all other nutrients are compared and measured (Schulte, 1992). 
Even though molybdenum is present at low tissue concentrations within the plant of 0.03 to 1 
ppm, it is an essential nutrient for nitrogen fixation (in legumes), converting nitrate ions into 
organic N in plants and for stomatal control (Schulte, 1992; Sturgul, 2010). Molybdenum 
deficiency is common on very acid soils or in certain high demand crops such as lettuce and 
Brassicas (Sturgul, 2010). Molybdenum is generally higher in soils with increased amounts of 
organic matter and the availability increases as soil pH increases (Schulte, 1992). This indicates 
that application of lime to soils has been an important tool to increase soluble molybdate by 
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raising soil pH (Fageria, 2001; Kaiser et al., 2005). To correct nutrient deficiencies, soil 
applications of Mo are generally not recommended due to the extremely low amount that is 
required by the plant. Instead seed treatments of molybdenum at 0.2 oz. ac
-1
 or foliar sprays at 
0.8 oz. ac
-1
 of ammonium or sodium molybdate are effective ways to get Mo into the plant 
(Schulte, 1992; Sturgul, 2010). 
Foliar applications of Mo can effectively supplement internal Mo deficiencies through 
rescued activity of molybdoenzymes. Foliar applications of Mo 25 days after plant emergence 
resulted in higher acetylene reduction and nitrate reductase activity that consequently increased 
bean yields (Vieira et al., 1998). In another study, soil and foliar molybdenum fertilizers both 
increased molybdenum concentrations in the grain and leaves; however, foliar treatments were 
more effective when soil test Mo levels were low even though no visual Mo deficiencies were 
present in the plant (Weir et al., 1976). When Mo was added as a foliar application following 
seedling emergence to plants that had in prior years exhibited Mo deficiency, yields were 
increased in approximately 88 percent of the observations across a two-year study (Adams et al., 
1990). 
There was little response from foliar-applied Mo when no P was added to plots suggesting 
that there was a P-Mo interaction in which P enhanced Mo utilization within the plants (Adams 
et al., 1990). Neither soil nor foliar treatments affected grain yield or the nitrogen concentrations 
in the grain or leaves of the plants, however their research suggested that a combination of soil 
and spray treatments would be effective for adequately raising molybdenum concentrations for 
optimal growth (Adams et al., 1990). The timing of applications influences where nutrients were 
partitioned into the plant, with later vegetative foliar applications (plant height of 32 in. vs 12 in.) 
being more effective at increasing grain Mo concentrations (Weir et al., 1976). 
 Careful planning of micronutrient applications needs to be addressed because simply 
applying adequate amounts of micronutrients to a rotation may not be adequate at correcting 
deficiencies (Adams et al., 1990). With modern hybrid corn seed that may require higher rates of 
Mo, foliar applications should be sufficient at supplementing the required nutrients to the plants 
(Weir et al., 1976). Gaining a better understanding of how Mo and B can concomitantly 
influence corn growth is critical for increasing the availability of nutrients, and maximizing 
hybrids’ yield potential across environments.  
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While there is increased attention for products that can enhance nutrient availability with 
existing corn production systems, little is known on how several products may synergistically 
interact to enhance plant growth, especially under varying natural field settings. The objective of 
this research was to determine if commercially available modern corn growth enhancers effect 
corn growth, yield, grain composition and overall nutrient availability. These included Seed 
Power, Bio-Forge ST, More Power, Bio-Forge, X-Cyte and Sugar Mover from Stoller USA 
representing Co, N+K, Ca, N+K, kinetin, and B+K respectively. 
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MATERIALS AND METHODS 
 
Field Characteristics 
The trial was located at the University of Illinois Crop Sciences Research and Education 
Center in Champaign, IL (40.050839 N -88.230231W) with soybean as the previous crop. The 
field had sufficient levels of P and K based on spring soil tests that were taken from the plots that 
did not receive fertilizer (Table 2.1) throughout the experiment on a predominant soil type of 
Flanagan silt loam with 0 to two percent slope.  
 
Agronomic Management 
A DeKalb corn hybrid (DKC62-97 VT3P RIB; 112 day relative maturity) previously 
characterized by our lab as being responsive to increased population and fertility was planted to 
achieve a final population of approximately 88,920 plants ha
-1
 (36,000 plants acre
-1
) with an 
ALMACO SeedPro 360 planter (ALMACO, Nevada, IA). All plots received an in-furrow 
application of Force 3G (AMVAC, Los Angeles, Ca) [tefluthrin: (2,3,5,6-tetrafluoro-4-
methylphenyl)methyl-(1,3)-(Z)-(±)-3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-
dimethylcyclopropanecarboxylate] soil insecticide at planting at a rate of 0.15 kg a.i. ha
-1
 (0.1335 
lb a.i. ac
-1
). Weed control consisted of a pre-emergence application of Lumax EZ (Syngenta, 
Basel, Switzerland) [S-metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-
methylethyl)acetamide)],  + atrazine (6-chloro-N-ethyl-N′-(1-methylethyl)-1,3,5-triazine-2,4-
diamine),  + mesotrione ([2-[4-(methylsufonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione) at a rate 
of 7 L ha
-1
 (3 qt. ac
-1
) and a post-emergence application of  ¾ rate (1.75 L ha
-1
, 0.75 qt. ac
-1
)  
glyphosate (N-(phosphonomethyl)glycine in the form of potassium salt) as Roundup 
POWERMAX (Monsanto, St. Louis, MO). The two nitrogen and potassium rates (0 and 150 lbs 
N and K2O ac
-1
), phosphorus rates (0, 50 and 150 lbs P2O5 ac
-1
), seed treatment (0, Seed Power, 
Bio-Forge ST), in-furrow starter (More Power) and foliar treatment details (Bio-Forge, X-Cyte, 
and Sugar Mover), including application rates and application timings for these trials are shown 
in Table 2.2. The N (urea 46-0-0), K [potash (KCl), 0-0-60], and P [Mono-ammonium phosphate 
(NH4H2PO4) 11-52-0] treatments were applied with a broadcast spreader and lightly incorporated 
directly prior to planting.  The foliar treatments were applied with a CO2-pressurized backpack 
sprayer at a rate of 140 liters ha
-1
 (15 GPA) and applied primarily with TeeJet XR11002 nozzles 
 72 
 
to get adequate plant coverage. Treatment application ingredients are shown in Table 2.3, while 
planting, treatment application, and harvest dates are shown in Table 2.4. 
 
Plant Sampling and Partitioning 
At physiological maturity (R6), five plants per plot were manually harvested by cutting at the 
soil surface to estimate above ground biomass. The plants were partitioned into their components 
(grain vs stover), and biomass was determined by weighing the fresh plant stover (TFW) and 
processing through a Vermeer BC600XL chipper (Vermeer Corporation, Pella, IA) to obtain 
representative stover subsamples. The stover subsamples were immediately weighed to 
determine fresh weight (FW), and then weighed again after drying to 0 % moisture in a force-
draft oven at 75C (167F), so as to measure dry weight (DW) and calculate stover moisture 
content (MC) by Equation 2.1. 
      (
     
  
)               (2.1) 
 The corn ears were dried and then weighed, and the grain was removed using a corn sheller 
(AEC Group, St Charles, IA) before being analyzed for moisture content using a Dickey John 
moisture reader (GSF, Ankeny IA). Cob weight was obtained by difference, and dry leaf and 
stalk weights were summed to calculate the overall mass of dry stover. Equation 2.2 was used to 
estimate total dry weight (TDW) from subsample moisture concentration (% MC).   
           –                         (2.2) 
Total biomass was derived algebraically from biomass per plant and stand counts, and is 
expressed on a dry weight basis (i.e., 0% moisture concentration).  
 
Phosphorus Calculations 
Yield efficiency calculations show the relationship between yield and the rate of applied 
phosphorus. These values indicate how well the applied phosphorus fertilizer (expressed as kg 
P2O5) translates into additional yield and is calculated according to Equation 2.3 where Yield+P 
indicates yield in kg ac
-1
 at _x_ P rate, Yield-P is the yield in kg ac
-1
 at 0 kg P2O5 ac
-1
, and P rate 
is the quantity of P fertilizer applied in kg of P2O5 ac
-1
 
                  
               
      
                                                                         (2.3) 
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Harvest 
Prior to harvest, stand counts were conducted to determine the final plant population of the 
plots. At harvest, the center two rows of each plot were harvested with an ALMACO SPC40 
combine (ALMACO, Nevada, IA) to determine grain weight and harvest moisture. Grain from 
the R6 sampling was added into the combine harvest weight to determine grain yield. Grain yield 
is expressed as bu. acre
-1
 at 15.5% moisture concentration. A grain subsample from each plot 
was analyzed for grain quality using a dielectric (capacitance) type grain moisture meter (SL95, 
Steinlite Corp., Atchison, Kansas) and for the determination of kernel weight and kernel number.  
 
Experimental Design and Statistical Analysis 
The trial was arranged in a split block design with fertility rate (0-0-0, 150-0-150, 150-50-
150, or 150-100-150) as the main block and treatments randomly assigned as the split block in 
each of six replications. An experimental unit consisted of four rows, 11.4 m (37.5 ft.) in length 
with 0.76 m (30 in.) spacing. The two center rows of each plot were used for treatment 
applications and grain yield measurements. 
Statistics were first declared significant by evaluating nitrogen at the 0 and 150 lb N rates 
that had 0 lbs of phosphorus with fixed effects being N rate and random effects being rep and 
rep*N rate. Stoller treatment (Control, Seed Power, More Power, Seed Power + More Power, 
and Bio-Forge) was declared significant when averaged over the 0 and 150 lb N rate (0 lb P rate) 
with fixed effects being Stoller treatment, while random variables were rep and rep*P rate. The 
effects of phosphorus were evaluated over the 150 lb N rate with fixed effects being P rate (0, 50, 
100 lb P2O5 acre
-1
), while random effects were rep and rep*P rate.  Stoller treatments were then 
evaluated over the P rates (150 lb N rate) with fixed effects being Stoller Treatment and random 
effects being rep and rep*P rate. Because foliar applications of Bio-Forge were confounded 
within a seed treatment combination, we were not able to ascertain the value of individual 
products and thus the analysis was performed based on what N rate, P rate and Stoller treatment 
(which would include the seed treatment, and each of the foliar applications). Nitrogen rate and 
K rate were also confounded within one another, so these treatments were named N rate (even 
though K may have contributed significantly to any differences that were detected). Treatment 
was used to show trends between interactions of N rate* Stoller Trt or P rate * Stoller Trt. All 
traits measured in this study were analyzed using PROC Mixed in SAS (Version 9.3; SAS 
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Institute Inc., Cary, NC) and significance was declared at P ≤ 0.10 unless otherwise noted.  
PROC UNIVARIATE was used to determine potential outliers and assess normality of residuals. 
Figures were prepared using Sigma Plot (Version 12.3 Systat Software Inc., Chicago, IL). 
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RESULTS AND DISCUSSION 
 
Weather Conditions 
The 2013 growing season began with above average precipitation and below average 
temperatures that delayed planting across much of Illinois (Figure 2.1). After pollination, 
Champaign experienced increased temperatures with limited precipitation. Weather stress 
occurred during grain fill, which may have shortened the grain filling period and ultimately 
limited yield. 
 
Nitrogen Effects 
The average grain yield for Champaign was 206 bu ac
-1
. Given the early cool and wet 
conditions, it is likely that the addition of nitrogen fertilizer played a larger role in management 
for higher yields because of increased N loss through leaching and denitrification (Scharf et al., 
2006). Nitrogen rate significantly influenced grain yield (+54 bu ac
-1
; Tables 2.5 & 2.6) and dry 
matter (+1 tons ac
-1
). Bio-Forge also increased yield and dry matter compared to the untreated 
check (+15.5 bu ac
-1
, 0.8 tons ac
-1
, Tables 2.5, 2.7 & 2.8). Harvest index (HI) increased as 
nitrogen rate increased (Tables 2.5 & 2.6). Bio-Forge tended to decrease HI at the 150 lb N rate 
due to significant improvements in plant biomass. The addition of nitrogen significantly 
increased kernel number and kernel weight (Table 2.6) while Seed Power + More Power tended 
to decrease kernel number over other Stoller treatments at 0 lb N rates (P
 ≤ .05, Tables 2.5 & 
2.8). 
As expected from reviews of other research, the addition of nitrogen increased grain protein 
with a concomitant decrease in oil concentration (Tables 2.5 & 2.6) (Uribelarrea et al., 2004). 
Grain moisture and quality were largely unaffected by the additions of nitrogen and Stoller 
products in this study (Table 2.5). Nitrogen use efficiency (NUE) was only calculated at the 150 
lb N rate. Bio-Forge significantly decreased nitrogen use efficiency compared to the other Stoller 
Treatments and can be contributed to the high yield measured in the absence of N (Table 2.8). 
 
Phosphorus Effects 
There were no significant differences with phosphorus rate on grain yield (Table 2.9), but the 
high phosphorus rate did increase dry matter (Tables 2.9 & 2.10). The presumably adequate soil 
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P levels at Champaign likely mitigated the yield response from additional P fertilizer. Bio-Forge 
increased dry matter yield when averaged across all phosphorus rates (P
 ≤ .10, Tables 2.9 & 
2.11), but decreased harvest index and as a result did not increase grain yield. In general, no 
significant effects of phosphorus rate on yield components were observed; however the 100 lb P 
rate tended to numerically increase kernel number and kernel weight (Table 2.10). 
Similar to what was observed in the N component of this study, grain moisture was not 
affected by the additions of phosphorus or the Stoller products (Tables 2.9 & 2.11). Grain starch 
and oil concentrations were similar among Stoller Treatments, but grain protein concentrations 
decreased at the highest phosphorus rates (Tables 2.9, 2.10 & 2.11). 
Nitrogen use efficiency was also calculated within the P rates at the 150 lb N rate level, and 
while it was not affected by P rate, a synergistic response of improved NUE was observed with 
Seed Power + More Power (Tables 2.11 & 2.12). Conversely, Bio-Forge significantly decreased 
NUE at all levels of applied P (Tables 2.9, 2.11 & 2.12). Phosphorus use efficiency was also 
calculated and even though we tended to see higher P use efficiency (PUE) values associated 
with higher P rates, they were not significantly different (Tables 2.9, 2.10 & 2.12). 
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CONCLUSIONS 
Early season cool temperatures and wet weather created an environment for large yield 
responses to nitrogen and phosphorus fertilizer. Evaluation of some of the individual applications 
was not possible because of confounded product combinations, but analyses suggested that Seed 
Power + More Power and Bio-Forge packages influenced corn growth and development. Overall, 
Bio-Forge tended to perform better under low fertility environments and may aid as a product 
that producers can choose to implement under certain management practices. Separation of these 
products in future applications would allow for researchers to better identify the key times and 
the main physiological parameters that are affected and thereby help to optimize the use of these 
products to improve fertilizer use and productivity.   
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FIGURES 
 
Figure 2.1. Precipitation and daily maximum and minimum temperature that occurred during the 
2013 growing season at Champaign, Illinois. 
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TABLES 
 
 
 
 
 
 
 
 
 
Table 2.1. Spring soil test levels taken from the 0 lb fertilizer plots across the experiment in 2013. 
Experiment OM P K Mg Ca pH CEC Nitrate 
 % ------------------------------------------------------ ppm* ------------------------------------------------  meq/100g ppm
 
Maximum 3.6 86.0 259.0 546.0 3030 6.2 27.2 31.0 
Minimum 2.4 24.0 155.0 382.0 2283 5.2 17.8 14.0 
Ave. Stoller PUE Exp. 3.0 51.1 195.5 439.9 2574 5.7 21.8 18.2 
*Weak Bray 1 extraction procedure 0-6 inches 
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Table 2.2. Description of the fertilizer regime and seed-applied and foliar-applied treatments evaluated for yield and plant 
physiological parameters at Champaign, IL, during 2013. 
Trt 
 
N &K 
(lbs ac
-1
) 
Phosphorus 
(lbs ac
-1
) 
Seed 
Treatment* 
In-Furrow V4-V6 V9-V10 R1 
1 0 0 UTC --- --- --- --- 
2   Seed Power --- --- --- --- 
3   --- More Power --- --- --- 
4   Seed Power More Power --- --- --- 
5   Bio-Forge ST --- Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
6 150 0 UTC --- --- --- --- 
7   Seed Power --- --- --- --- 
8   --- More Power --- --- --- 
9   Seed Power More Power --- --- --- 
10   Bio-Forge ST --- Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
11 150 50 UTC --- --- --- --- 
12   Seed Power --- --- --- --- 
13   --- More Power --- --- --- 
14   Seed Power More Power --- --- --- 
15   Bio-Forge ST --- Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
16 150 100 UTC --- --- --- --- 
17   Seed Power --- --- --- --- 
18   --- More Power --- --- --- 
19   Seed Power More Power --- --- --- 
20   Bio-Forge ST --- Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
*Application Rates: 
Seed Treatments:  Seed Power 3oz/cwt, Bio-Forge ST 2oz/cwt 
Cwt: Centum weight (100 lbs) of seed 
In Furrow: More Power 16oz/Acre 
V4-V6: Bio-Forge 8oz/Acre 
V9-V10:  Bio-Forge 8oz/Acre, X-Cyte 16oz/Acre 
R1: Sugar Mover 16oz/Acre 
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Table 2.3. Active Ingredients of Stoller products used throughout the trial in Champaign, IL, during 2013. 
Stoller Product Active Ingredients Active Ingredient Derivatives 
Seed Power 1.5% Co Chelated Cobalt 
Bio-Forge ST 2-0-3 Urea N, & Soluble Potash (K2O) 
More Power 6.5% Ca Calcium Chloride 
Bio-Forge 4.3% N, 8.5% KOH antioxidant N,N’-diformyl urea, Potassium Hydroxide 
X-Cyte 0.04% Cytokinin Kinetin 
Sugar Mover 8% B, 0.004% Mo  Boric Acid & Molybdate 
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Table 2.4. Dates of planting, treatment applications, measurements, and harvest at Champaign, IL in 2013. 
Julian days are shown in parentheses. 
Treatment or Measurement Growth stage/timing Dates 
Planting --- 08 June (159) 
More Power In Furrow 08 June (159) 
Bio-Forge V4-V6 29 June (180) 
Bio-Forge + X-Cyte V9-V10 16 July (197) 
Sugar Mover R1 8 Aug. (220) 
Whole Plant Sampling  R6 21 Oct. (294) 
Harvest --- 29 Oct. (302) 
 83 
 
 
Table 2.5. Analysis of variance for fixed effects of N rate, Stoller Trt and nitrogen* Stoller Trt within 0 lb P rates on grain yield, 
total plant dry matter, HI, yield components, grain quality components and NUE of corn at Champaign, IL, during 2013. 
Source of Error Yield 
Dry 
Matter 
HI 
Kernel 
Number 
Kernel 
Weight 
Moisture Protein Oil Starch NUE 
N rate <0.0001 0.0097 <0.0001 0.0025 <0.0001 0.2168 <0.0001 0.0065 0.6797 --- 
Stoller Trt. 0.0360 0.0473 0.2442 0.1662   0.6045 0.9358 0.8992 0.9094 0.5634 0.0569 
N rate* Stoller Trt. 0.0472 0.1749 0.0604 0.0299   0.8948 0.7045 0.7971 0.3052 0.1695 --- 
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Table 2.6. Effect of nitrogen rate within 0 lb P rates on grain yield, total plant dry matter, HI, yield components, grain quality components 
and NUE of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while total plant dry matter and kernel 
weight is measured at 0% moisture. 
Nitrogen Rate (0 lbs P) Grain Yield 
Total Dry 
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 --------------------------------------------------  %  --------------------------------------- kg kg N 
-1
 
 0 N Average 148.6 7.5 0.47 3078 256 21.86 7.0 4.2 73.0 --- 
 150 N Average 202.8 8.8 0.55 3905 276 22.37 8.5 3.7 73.1 20.2 
Averages 175.7 8.2 0.51 3491 266 22.12 7.7 4.0 73.1 20.2 
N LSD (=0.10)   14.8         0.8 0.02   298      5    NS 0.2 0.9    NS --- 
Standard Deviation     0.3 0.6 0.04   161      8 1.14 0.3 0.4    0.7 --- 
*NUE calculated by (Yield +N –Yield -N) / N rate 
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Table 2.7.  Effect of Stoller Trt within 0 lb P rates on grain yield, total plant dry matter, HI, yield components, grain quality components and 
NUE of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while total plant dry matter and kernel weight 
is measured at 0% moisture. 
Stoller Trt (0 lbs P) 
Grain 
Yield 
Total Dry 
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 --------------------------------------------------  %  --------------------------------------- kg kg N 
-1
 
UTC 175.4 7.9 0.52 3507 264 22.06 7.7 3.8 73.3 20.9 
Seed Power 175.4 8.1 0.51 3495 265 22.27 7.8 4.0 72.9 22.4 
More Power 174.8 8.0 0.52 3482 265 22.14 7.8 4.0 73.0 19.6 
Seed Power + More Power 170.1 8.2 0.49 3384 266 21.86 7.7 3.9 73.3 23.3 
Bio-Forge† 182.9 8.7 0.49 3588 270 22.26 7.8 4.0 73.0 14.9 
Averages 175.7 8.2 0.51 3491 266 22.12 7.7 4.0 73.1 20.2 
N LSD (=0.10)     6.4         0.5   NS      133  NS    NS  NS NS   NS        4.8 
Standard Deviation     0.3 0.6 0.04   161     8 1.14 0.3 0.4   0.7   4.1 
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte V9-V10 applications, and a R1 
application of Sugar Mover. 
*NUE calculated by (Yield +N –Yield -N) / N rate 
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Table 2.8. Effect of treatment within 0 lb P rates on grain yield, total plant dry matter, HI, and yield components, grain quality components 
and NUE of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while total plant dry matter and kernel 
weight is measured at 0% moisture. 
Treatment (0 lbs P) 
Grain 
Yield 
Total Dry 
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 --------------------------------------------------  %  -------------------------------- kg kg N 
-1
 
 0 N-UTC 147.4 7.2 0.49 3096 253 21.82 6.9 4.0 73.4 --- 
       Seed Power 145.3 7.6 0.45 2992 257 22.24 7.0 4.1 73.1 --- 
       More Power 148.5 7.6 0.46 3087 256 21.67 7.0 4.3 72.7 --- 
       Seed Power + More Power 138.9 7.2 0.47 2891 255 21.27 7.0 4.3 72.9 --- 
       Bio-Forge† 162.9 8.0 0.48 3324 259 22.32 7.1 4.2 73.0 --- 
 150 N-UTC 203.3 8.7 0.56 3919 276 22.30 8.4 3.7 73.2 20.9 
       Seed Power 205.4 8.7 0.56 3998 273 22.31 8.5 3.9 72.6 22.4 
       More Power 201.0 8.3 0.58 3878 275 22.61 8.5 3.7 73.3 19.6 
       Seed Power + More Power 201.3 9.2 0.52 3877 276 22.45 8.4 3.5 73.6 23.3 
       Bio-Forge† 202.8 9.4 0.51 3852 280 22.20 8.4 3.8 72.9 14.9 
Averages 175.7 8.2 0.51 3491 266 22.12 7.7 4.0 73.1 20.2 
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte V9-V10 applications, and a R1 
application of Sugar Mover. 
*NUE calculated by (Yield +N –Yield -N) / N rate 
 87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.9. Analysis of variance for fixed effects of P rate, Stoller Trt and phosphorus* Stoller Trt within 150 lb N rates on grain yield, 
total plant dry matter, HI, yield components, grain quality components, NUE and PUE of corn at Champaign, IL, during 2013. 
Source of Error Yield 
Dry 
Matter 
HI 
Kernel 
Number 
Kernel 
Weight 
Moisture Protein Oil Starch NUE PUE 
P rate 0.2872 0.0523 0.4665 0.1819 0.3596 0.2124 0.0101 0.9007 0.4944 0.2872 0.5284 
Stoller Trt. 0.4681 0.0087 0.0047 0.5932 0.3737 0.9037 0.4495 0.2207 0.3171 <0.0001 0.6676 
P rate* Stoller Trt. 0.8251 0.5997 0.1132 0.3626 0.5259 0.9524 0.4504 0.3509 0.1430 0.9912 0.8491 
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Table 2.10. Effect of phosphorus rate within 150 lb N rates on grain yield, dry matter, HI, yield components, grain quality components and 
efficiency measures of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while dry matter and kernel 
weight is measured at 0% moisture. 
Phosphorus Rate 
(150 lbs ac
-1 
N) 
Grain Yield 
Dry 
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* PUE** 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 -----------------------------------------------  %  ----------------------------------------- kg kg N 
-1
 kg kg P 
-1
 
 0 P Average 202.8 8.8 0.55 3905 276 22.4 8.5 3.7 73.1 20.2 --- 
 50 P Average 202.4 8.8 0.54 3900 274 21.8 8.5 3.7 73.1 20.1 -0.4 
 100 P Average 211.3 9.4 0.53 3986 282 22.9 8.3 3.7 73.3 23.4 4.8 
Averages 205.5 9.0 0.54 3930 277 22.4 8.4 3.7 73.2 21.2 2.2 
P LSD (=0.10)    NS 0.4   NS   NS NS   NS 0.1 NS   NS 0.1 NS 
Standard Deviation    7.4 0.6 0.03 142    9  1.3 0.1 0.3  1.3 0.1 0.3 
*NUE calculated by (Yield +N –Yield -N) / N rate 
**PUE calculated by (Yield +P –Yield -P) / P rate 
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Table 2.11. Effect of phosphorus rate within 150 lb N rates on grain yield, total plant dry matter, HI, yield components, grain quality 
components and efficiency measures of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while total plant 
dry matter and kernel weight is measured at 0% moisture. 
Stoller Treatment       
(150 lbs  ac
-1 
N) 
Grain 
Yield 
Dry  
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* PUE** 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 -----------------------------------------------  %  ----------------------------------------- kg kg N 
-1
 kg kg P 
-1
 
UTC 206.7 8.8 0.56 3970 276 22.3 8.4 3.8 73.1 22.2 2.5 
Seed Power 206.5 9.1 0.54 3946 278 22.3 8.5 3.8 73.0 22.8 -0.1 
More Power 202.3 8.7 0.56 3894 273 22.1 8.4 3.6 73.4 20.1 0.0 
Seed Power + More Power 207.2 9.2 0.54 3934 280 22.6 8.4 3.6 73.3 25.5 6.3 
Bio-Forge† 204.8 9.5 0.51 3905 279 22.4 8.4 3.7 73.1 15.7 2.1 
Averages 205.5 9.0 0.54 3930 277 22.4 8.4 3.7 73.2 21.2 2.2 
P LSD (=0.10)     NS      0.4 0.02    NS   NS   NS NS NS   0.3   3.1 NS 
Standard Deviation    7.4 0.6 0.03   142     9  1.4 0.1 0.3   0.5   4.7 9.7 
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte V9-V10 applications, and a R1 
application of Sugar Mover. 
*NUE calculated by (Yield +N –Yield -N) / N rate 
**PUE calculated by (Yield +P –Yield -P) / P rate 
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Table 2.12. Effect of phosphorus rate within 150 lb N rates on grain yield, total plant dry matter, HI, yield components, grain quality 
components and efficiency measures of corn at Champaign, IL, during 2013. Yield is measured in bu acre
-1
 at 15.5% moisture, while total plant 
dry matter and kernel weight is measured at 0% moisture. 
Treatment  (150 lbs  ac
-1 
 N) 
Grain 
Yield 
Dry 
Matter 
HI 
Kernel 
number 
Kernel 
weight 
Moisture Protein Oil Starch NUE* PUE** 
 bu acre
-1
 Tons ac
-1
  no m
-2
 mg kernel
-1
 --------------------------------------------  %  ----------------------------------------- kg kg N 
-1
 kg kg P 
-1
 
0 P-UTC 203.3 8.7 0.56 3919 276 22.30 8.4 3.7 73.2 20.9 --- 
     Seed Power 205.4 8.7 0.56 3998 273 22.31 8.5 3.9 72.6 22.4 --- 
     More Power 201.0 8.3 0.58 3878 275 22.61 8.5 3.7 73.3 19.6 --- 
     Seed Power + More Power 201.3 9.2 0.52 3877 276 22.45 8.4 3.5 73.6 23.3 --- 
     Bio-Forge† 202.8 9.4 0.51 3852 280 22.20 8.4 3.8 72.9 14.9 --- 
50 P-UTC 202.1 8.4 0.57 3871 277 22.09 8.5 3.7 73.1 20.4 -1.4 
     Seed Power 201.8 9.0 0.53 3876 276 21.46 8.6 3.8 73.0 21.1 -4.1 
     More Power 197.3 8.6 0.54 3827 265 21.36 8.6 3.5 73.3 18.2 -4.2 
     Seed Power + More Power 206.2 9.2 0.54 3976 275 21.87 8.5 3.7 73.1 25.1 5.4 
     Bio-Forge† 204.6 9.1 0.54 3936 276 22.12 8.5 3.8 72.9 15.6 2.0 
100 P-UTC 214.7 9.4 0.54 4122 276 22.49 8.3 3.9 72.9 25.1 6.3 
     Seed Power 212.3 9.5 0.53 3966 284 23.09 8.4 3.7 73.4 25.0 3.9 
     More Power 208.6 9.0 0.55 3966 279 22.43 8.2 3.6 73.5 22.4 4.2 
     Seed Power + More Power 214.0 9.1 0.56 3950 288 23.57 8.4 3.7 73.1 28.0 7.1 
     Bio-Forge† 206.9 10.0 0.49 3926 280 22.98 8.4 3.5 73.7 16.4 2.3 
Averages 205.5  9.0 0.54 3930 277 22.35 8.4 3.7 73.2 21.2 2.2 
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte V9-V10 applications, and a R1 
application of Sugar Mover. 
*NUE calculated by (Yield +N –Yield -N) / N rate 
**PUE calculated by (Yield +P –Yield -P) / P rate 
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Chapter 3 
Improving Plant Growth and Nitrogen Use Efficiency with Bio-
Stimulant Products 
 
EXECUTIVE SUMMARY 
Increased corn grain yields can be achieved through management practices that combine 
hybrid genetics with improved fertility practices and chemicals that enhance plant growth. The 
primary objective of this research was to understand the potential synergies between seed 
treatments and foliar-applied products which might enhance nutrient utilization within the plant. 
Our hypothesis was that the effectiveness of adding multiple Stoller products throughout several 
important phases of plant growth would have little effect on enhancing season-long nitrogen (N) 
accumulation and utilization, especially under N stress. Measurements included grain yield, yield 
components (kernel number and kernel weight), grain quality (oil, protein, and starch), and total 
nitrogen accumulation and utilization, which allowed us to evaluate the importance of various 
products across a five level nitrogen rate titration. 
High temperatures and drought stress in August likely limited yields and response to 
management inputs. Due to a relatively wet spring with cool temperatures, soil N loss through 
leaching and denitrification was likely high, which resulted in a large response of applied N 
fertilizer. As such, there were several significant a priori contrasts including nitrogen application 
rate. 
The Stoller More Power package (Stoller USA, Houston, TX) significantly increased plant 
growth and N use efficiency (NUE), and tended to increase yields in some cases. Bio-Forge 
tended to decrease yield through reduced kernel weight. A few instancing of altered grain 
composition occurred as a result of Stoller treatments, but the measured changes were relatively 
minor and the physiological causes are not clear. Our results suggest that products which 
promote plant health and hormonal balance have the potential to improve nutrient accumulation, 
utilization, and in some cases yield. 
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INTRODUCTION 
 
Modern corn hybrids have been shown to require different amounts of nutrients to produce 
grain with current production practices (Bender et al., 2013a). New technologies that aid in 
fertilizer availability to plants can potentially influence the amount of fertilizers that we may 
need for growing corn with today’s high yield potential while decreasing the negative impact 
from unnecessary fertilizer loss. Plant growth regulators and micronutrients may be a relatively 
new technology available to producers to influence plant growth, both in high yield potential and 
stressed corn environments. Understanding how these technologies can be combined with 
management practices where adequate amounts of Nitrogen (N) are applied is critical to being 
able to optimize corn production. 
Nitrogen fertilization is highly important for corn because about 2/3 of the nitrogen is 
generally taken up before the reproductive stages, but almost 60% of total nitrogen taken up by a 
plant is partitioned into the grain at harvest (Bender et al., 2013b). Due to large amounts of N 
that are translocated from the leaves to the grain in the second half of the growing season, there 
is increased importance for nutrient availability and preserved leaf health (Hanway et al., 1980). 
At grain filling, leaves act as a large source of nutrients and late season applications of foliar 
nutrients can be effective at increasing yields in several crops (Hanway et al., 1980). By 
identifying how N uptake can be influenced by small amounts of other nutrients under high 
yielding corn production systems, one may better ascertain how nutrient applications can 
influence nutrient utilization within the plant. 
 
Nitrogen and Foliar Nutrient Uptake 
Since it is well known that N fertilizer can be both beneficial to raising corn yields and 
harmful if released recklessly into the environment, it is important to realize the potential of 
using other technologies to increase the availability of N. Advancement in plant growth 
technologies such as micronutrient and plant growth regulator combinations can affect plant 
physiological changes and yield. By incorporating these bio-stimulant products into a crop 
production system, one may not only increase yields under certain environments, but may also 
allow plants to better respond or access nutrients from lower application rates. 
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Many people customarily think that essentially everything that a plant needs can be taken up 
through its roots. This is generally true, but they often forget that plants constantly exchange 
nutrient elements such as carbon (C), hydrogen (H) and oxygen (O) through its leaves for 
photosynthesis. The way that these elements enter the leaves can be entrance points into the plant 
for other nutrients to accumulate as well. Initial penetration of nutrients through the cuticle and 
epidermal cells most likely is the largest factor affecting the amount of nutrients utilized by the 
plants. Stomata can also affect how foliar-applied nutrients are translocated into the plant cells, 
in that once nutrients are in the plant; they are most likely transported to other parts via the 
phloem. Different nutrients are absorbed through the leaves differently. Nutrients such as sodium 
(Na) and potassium (K) are most readily absorbed and are highly mobile, while Ca is not readily 
absorbed and is immobile inside the leaves (Bukovac and Wittwer, 1957). Phosphorus (P), 
chlorine (Cl), sulfur (S), Zinc (Zn), Copper (Cu), Manganese (Mn), Iron (Fe) and Molybdenum 
(Mo) exhibit intermediate levels of absorption into the leaf with decreasing mobility in the order 
listed (Bukovac and Wittwer, 1957). There is growing interest in foliar fertilization, hence the 
need for a better understanding of how to maximize uptake efficiency so producers can make 
sound fertilizer management decisions. 
 
More Power-Calcium 
Calcium (Ca) is a component of cell walls and is important for cell division, elongation, 
permeability of cell membranes and nitrogen metabolism and is generally plant available in most 
soils. More Power (Stoller USA, Houston, TX), a form of Ca applied as a foliar spray solution 
has become of increased interest to producers to move nutrients to where they are needed within 
the plant. Calcium has been shown to decrease leaf senescence of corn leaves, and to have an 
additive effect with cytokinins in this respect. Calcium influences senescence through aiding in 
cell membrane structure development within the chloroplasts where over half of the Ca content 
of the leaves is stored (Poovaiah and Leopold, 1973). Calcium uptake by plants can be 
influenced by additions of other nutrients such as nitrogen. Various forms of nitrogen such as 
NO3
-
 compared to NH4
+
 can increase the content of other nutrients such as Ca in corn and 
tomatoes (Fageria, 2001). Calcium is unlike N, P and Potassium (K) in that its concentration 
increases in plant tissue as the plant matures (Kelling and Schulte, 1998). The interaction of 
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calcium and other nutrients may indicate that additions of calcium could potentially increase the 
overall performance of a plant.  
 
Bio-Forge ST and Force-Nitrogen, Potash 
Some climate models predict that incidences and duration of drought and heat stress are 
likely to increase in many regions, thus greatly limiting the potential for crops to adequately 
perform. This suggests that there will be significant challenges for agriculture to enhance crop 
yields on a global scale and an increased emphasis will be placed on utilizing more resource 
efficient systems to stabilize plant development and yield formation under biotic and abiotic 
stress conditions (Zörb et al., 2014). Applying K with growth regulators such as cytokinin can 
provide a synergistic effect of decreasing autophagy and increase crop productivity especially 
under environmental stresses such as high temperature and water stress (Stoller et al., 2012). 
Corn is a cold sensitive crop where enzyme activity associated with reactive oxygen species 
(ROS) has been shown to potentially increase with seed treatments of KCl (Zörb et al., 2014). 
Stoller’s Bio-Forge St and Force (Stoller USA, Houston, TX), is comprised of a low analysis [(2-
0-3) and (2-0-7) respectively] seed treatment that can be put on at the time of planting to help 
initiate root growth. In one study, even though applications of calcium or potassium salts tended 
to increase final germination of acacia seeds, indicating that there could be a potential benefit 
from potassium seed treatments when managed properly (Bremner, 1996). 
Potassium can increase the efficiency of other nutrients that are applied such as N.  
Potassium is most likely involved with NO3
-
 uptake via a co-transport in the xylem with NO3
-
 to 
apical parts of the plant before descending through the phloem with malate (Fageria, 2001). This 
allows the plant to increase yields while using a higher portion of applied N and P fertilizers that 
would otherwise be at risk for loss to the environment if not adequately taken up by the plant 
(Johnston et al., 2003). Higher levels of K led to lower N requirements to produce higher yields 
and larger profits (Murrell and Munson, 1999). Additionally, lower N fertilizer may be warranted 
as some adverse effects on seed germination from concentrations of urea have been found. 
Despite concerns of injury from urea, it has been found that seed injury is due to ammonia 
formed through hydrolysis of large concentrations of urea by soil urease and not from urea itself 
allowing for the potential seed treatment of urea (Bremner, 1996). By properly managing N and 
K inputs and reevaluating how crops use the applied nutrients, producers may be able to find 
 100 
 
ways to maintain or enhance their current yield or profitability levels while creating a more 
environmentally friendly cropping system. 
 
Bio-Forge-diformyl Urea 
Foliar sprays of urea are fairly common for producers to supplement small amounts of N 
directly to the plants; however, use of N, N’ Diformylurea to increase corn yield is not well 
documented. Foliar amendments of Stoller Bio-Forge [(N, N’ Diformylurea) Stoller USA, 
Houston, TX] and Sugar Mover (B & Mo) increase yield, but only when additional P and K were 
supplied, indicating that they may increase yield under higher yielding environments or when 
nutrients are non-limiting (Slaton et al., 2013). Even though some yield responses from 
applications were found with applications of N, N’ Diformylurea, the benefits of foliar-applied 
solutions should be determined across numerous site years of research to determine when one 
would be able to best predict a positive response (Slaton et al., 2013). One would also question 
the importance of such a product under various levels of applied nitrogen fertilizers from soils 
adequate in P and K levels. 
 
X-Cyte-Cytokinin  
Cytokinins have been challenging to research due to rather complex reactions in plant growth 
and how they interact with other plant enzymes and growth regulators. Cytokinins regulate the 
proliferation and differentiation of plant cells and can positively affect growth and development 
such as delayed plant senescence, control of apical dominance and increase kernel number and 
weight (Sakakibara et al., 2006; Stoller et al., 2012). Cytokinin mediates plant responses to 
factors such as light conditions in the shoot, availability of nutrients and water in the root, as well 
as stimulating the plant to respond to biotic and abiotic stresses. Under water limitations and 
drought, cytokinins have shown to positively influence root growth to coordinate acquisition of 
nutrients from the soil and maintain photosynthetic activity (Werner and Schmülling, 2009). 
Application of kinetin [(the form of cytokinin in X-Cyte) Stoller USA, Houston, TX] to plant 
roots or leaves could potentially allow plants to overcome or substantially mitigate autophagy 
when applied prior to flowering (Stoller et al., 2012).  
Cytokinins may have synergistic effects when combined with other nutrients such as N. 
Cytokinins have been shown to positively affect stomata opening while nitrates have been found 
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to increase water transfer across roots. This would accelerate the acropetal flow of water through 
the xylem (Sakakibara et al., 2006). Cytokinin application to NO3
-
 treated plants resulted in 
enhanced dry matter partitioning to the grain and decreased kernel abortion when compared to 
plants grown with a mixture of NH4
+
 and NO3
-
. This indicates that when NH4
+
 and NO3
- 
are 
combined, the enhanced ear shoot and grain production may be partially associated with 
increased endogenous cytokinin supply (Smiciklas and Below, 1992). Other studies have shown 
that kinetin increased early plant growth of corn, but two months after planting the effect of 
kinetin on plant growth was not evident and did not translate into yield differences (Pan et al., 
1999). A better understanding is needed of factors affecting cytokinin performance in natural 
field settings. 
 
Sugar Mover-Boron, Molybdenum 
Sugar Mover, a micronutrient package of boron (B) and molybdenum is claimed to aid in 
enhancing photosynthate partitioning and acquisition in the plant. Research indicates an increase 
in carbon fixation and an increase in sugar transport from the leaves to the sink tissues. The 
combination of B and Mo likely adjusts hormone balance at various stages for growth which 
results in a more desirable architecture of the crop plant through modification of the non-
mevalonate MEP pathway and abscisic acid (ABA): gibberellic acid (GA) ratios (Stoller et al., 
2005). 
Boron is important for cell division, pollination, and cell wall synthesis in plants. Boron has a 
large influence on the building of cell walls, and up to 90% of the cellular boron is localized 
there (Blevins and Lukaszewski, 1998). Corn requirements for B are low compared to other 
plants due to the fact that less than 1/2 lb acre
-1
 of boron is accumulated (Kelling, 1999). Boron 
moves from the roots and accumulates in growing points of leaves and stems where it is fixed in 
the apoplast (Blevins and Lukaszewski, 1998). 
Boron is more important for reproductive growth than vegetative growth, and one study 
found that boron treatment increased seed yield of alfalfa by 600% while hay yield was only 
increased 3% (Blevins and Lukaszewski, 1998). In plants with moderate boron deficiency, 
emergence of tassels and anthesis was suppressed and delayed, which resulted in improperly 
dehisced stamens and pollen shed, even though no visual boron deficiency symptoms were 
present. The pollen that was present ranged from mature viable pollen grains to those that were 
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immature, but not viable (Agarwala et al., 1981). Since pollination is an important period of corn 
growth in determining the final yield potential, any management that producers can implement 
that aids in translocation of adequate nutrients and resources to sinks within the plant should 
ultimately help kernel set and fill for final yield ( Becker, 2012; Blair, 2009). 
When B is limiting (e.g. in dry soils), it can severely reduce yields due to the termination of 
development in the plants’ growing points with extreme limitations causing plant death. Boron 
has a very narrow optimal range between where it is declared deficient to where it is toxic (5 
ppm) within the soil to plants (Kelling, 1999). Deeply incorporating B fertilizer into acidic soils 
promoted root penetration into the subsoil and indicates that boron applications may promote 
root elongation, especially in acid soils (Blevins and Lukaszewski, 1998). Soil tests of boron in 
general are not as reliable as tissue tests because of uncertainties with seasonal release of organic 
matter, making it difficult to predict how much boron will be needed for the crop (Kelling, 
1999). Soils vary widely across regions, and even though B was not found to be of importance 
for corn in the southeastern U.S., this finding should not necessarily be extrapolated to deep 
Mollisols and other Illinois soils without verification through research in these areas. 
The other major component of Sugar Mover is Mo. Molybdenum is an important co-factor 
for nitrate reductase in legumes, xanthine dehydrogenase, aldehyde oxidase and sulfite oxidase 
enzymes that can be associated with ABA. Molybdenum deficiency is common on very acid 
soils or in certain high demand crops such as lettuce and the Brassicas genus. To correct nutrient 
deficiencies, soil applications of Mo are generally not recommended due to the extremely low 
amount that is required by the plant, but foliar applications and seed treatments are generally 
more effective (Schulte, 1992; Sturgul, 2010). 
Due to the low concentrations of Mo in the soil, current soil testing practices have not been 
found to give reliable measurements of Mo in the soil. As soils become more alkaline, MoO4 
availability increases by approximately 100 fold for every unit change in pH above a pH of 3 due 
to decreased adsorption of metal oxides. This indicates that application of lime to soils has been 
an important tool to increase soluble molybdate from adjustments in raising soil pH (Fageria, 
2001; Kaiser et al., 2005). 
Neither soil nor foliar treatments of Mo affected grain yield of corn or the nitrogen 
concentrations in the grain or leaves of the plants, however some research suggests that a 
combination of soil and spray treatments are necessary to adequately raise molybdenum 
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concentrations (Weir et al., 1976). With modern hybrid corn seed that may require higher rates of 
Mo, foliar applications should be sufficient at supplementing the required nutrients to the plants 
(Weir et al., 1976). Molybdenum applications of 1 ppm to the soil of legumes and grasses that 
had no visual nutrient deficiencies increased nutrient concentrations of the foliage but did not 
result in enhanced growth. When Mo deficiencies were detected in other plant species, the same 
1 ppm Mo application prevented the appearance of the foliar deficiencies resulted in increased 
growth and decreased nitrate nitrogen concentrations in the leaf tissue (Johnson et al., 1952). 
This indicates that even in the absence of visual nutrient deficiencies, applications of small 
amounts of nutrients can significantly influence plant growth over a wide array of environmental 
conditions. Gaining a better understanding of how Mo and B can concomitantly influence corn 
growth is critical for increasing the availability of nutrients, and maximizing hybrids’ yield 
potential across environments.  
While there is increased attention for products that can enhance nutrient availability with 
existing corn production systems, little is known on how several products may synergistically 
interact to enhance plant growth, especially under varying natural field settings. The objective of 
this research was to determine if commercially available modern corn growth enhancers 
influence corn growth, yield, grain composition and overall nutrient availability. These included 
Bio-Forge ST, More Power, Force, Bio-Forge, X-Cyte, Sugar Mover Force PM and Sto-33 from 
Stoller USA representing N+K, Ca, N+K, N+K, kinetin, and B+K respectively. 
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MATERIALS AND METHODS 
 
Field Characteristics 
The trial was located at the University of Illinois Crop Sciences Research and Education 
Center in Champaign, IL (40.050839 N -88.230231W) with soybean as the previous crop. The 
field had sufficient levels of P and K based on spring soil tests that were taken from the plots that 
did not receive fertilizer (Table 3.1) throughout the experiment. The predominant soil type is a 
Flanagan silt loam with 0 to two percent slopes. 
 
Agronomic Management 
A DeKalb corn hybrid (DKC62-97 VT3P RIB; 112 day relative maturity) previously 
characterized by our lab as being responsive to increased population and N availability was 
planted to achieve a final population of approximately 88,920 plants ha
-1
 (36,000 plants acre
-1
) 
with an ALMACO SeedPro 360 planter (ALMACO, Nevada, IA). All plots received an in-
furrow application of Force 3G (AMVAC, Los Angeles, Ca) [tefluthrin: (2,3,5,6-tetrafluoro-4-
methylphenyl)methyl-(1,3)-(Z)-(±)-3-(2-chloro-3,3,3-trifluoro-1-propenyl)-2,2-
dimethylcyclopropanecarboxylate] soil insecticide at planting at a rate of 0.15 kg a.i. ha
-1
 (0.1335 
lb a.i. ac
-1
). Weed control consisted of a pre-emergence application of Lumax EZ (Syngenta, 
Basel, Switzerland) [S-metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-
methylethyl)acetamide)],  + atrazine (6-chloro-N-ethyl-N′-(1-methylethyl)-1,3,5-triazine-2,4-
diamine),  + mesotrione ([2-[4-(methylsufonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione) at a rate 
of 7 L ha
-1
 (3 qt. ac
-1
) and a post-emergence application of  ¾ rate (1.75 L ha
-1
, 0.75 qt. ac
-1
)  
glyphosate (N-(phosphonomethyl) glycine in the form of potassium salt) as Roundup 
POWERMAX (Monsanto, St. Louis, MO). Nitrogen rates (0, 60, 120, 180, 240 lbs N ac
-1
), seed 
treatments (More Power, STO-33, Force and Bio-Forge ST), and foliar treatment details (Bio-
Forge, More Power, Sugar Mover, Bio-Forge, X-Cyte and Force PM), including application rates 
and application timings for these trials are shown in Table 3.2. The N treatments (urea; 46-0-0) 
were applied with a broadcast spreader and lightly incorporated directly prior to planting. The 
foliar treatments were applied with a CO2-pressurized backpack sprayer at a rate of 140 liters ha
-
1
 (15 GPA) and applied primarily with TeeJet XR11002 nozzles to get adequate plant coverage. 
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Treatment application ingredients are shown in Table 3.3, while planting, treatment application, 
and harvest dates are shown in Table 3.4. 
 
Plant Sampling and Partitioning 
At physiological maturity (R6), five plants per plot were manually harvested by cutting the 
stalks at the soil surface to estimate the above ground grain and stover N accumulation. The 
plants were partitioned into grain and stover, and then biomass was determined by weighing the 
whole fresh plant stover (TFW) and processing through a Vermeer BC600XL chipper (Vermeer 
Corporation, Pella, IA) to obtain representative stover subsamples. The stover subsamples were 
immediately weighed to determine fresh weight (FW), and then dried to 0 % moisture in a force-
draft oven at 75C (167F), so as to measure dry weight (DW) and calculate stover moisture 
content (MC) by Equation 3.1. 
      (
     
  
)               (3.1) 
The corn ears were dried and then weighed, the grain was removed using a corn sheller (AEC 
Group, St Charles, IA) and analyzed for moisture content using a Dickey John moisture reader 
(GSF, Ankeny IA). Cob weight was obtained by difference, and dry leaf and stalk weights were 
summed to calculate the overall mass of dry stover. Equation 3.2 was used to estimate total dry 
weight (TDW) using subsample % moisture concentration (% MC).   
           –                         (3.2) 
Nitrogen was calculated from grain protein by using a standard 6.25 conversion rate. Stover 
subsamples were ground using a Wiley Mill (Tomas Scientific, Swedesboro, NJ) equipped with 
a 2 mm mesh screen to obtain a representative finely ground subsample. Stover N concentration 
was determined from a protein combustion analyzer (EA1112 N-Protein; CE Elantech, Lakeland, 
NJ). Total biomass was derived algebraically from biomass per plant and final stand counts, and 
is expressed on a dry weight basis (i.e., 0% moisture concentration).  
 
Nitrogen Calculations 
Grain dry weights and grain nitrogen concentrations (Nu) were used to calculate total 
nitrogen content of the grain. Grain nitrogen content can be a critical factor in implementing 
proper fertilizer recommendations, especially for those portions of plants that are harvested and 
removed from the field. Equation 3.3 was used to calculate grain nitrogen contents. 
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                                                                       (3.3) 
 Stover content was calculated using a similar equation as presented in equation 3.3. Total 
above-ground nitrogen uptake was calculated according to Equation 3.4.  This value estimates 
the quantity of available nitrogen used to achieve corresponding grain and stover yields.   
                                                                  (3.4)  
 Nitrogen harvest index values estimate partitioning efficiency of nitrogen to corn grain.  
These values identify the quantity of nutrient uptake partitioned to corn grain and were 
calculated according to Equation 3.5. 
                   (
              
              
)           (3.5) 
Yield efficiency shows the relationship between yield and the rate of applied nitrogen. These 
values indicate how well the applied nitrogen fertilizer translates into additional yield and is 
calculated according to Equation 3.6 where Yield+N indicates yield in kg ac
-1
 at _x_ N rate (kg N 
ac
-1
), Yield-N is the yield in kg ac
-1
 at 0 kg N ac
-1
, and N rate is the quantity of N fertilizer applied 
in kg ac
-1
. 
                  
               
     
                                                                         (3.6) 
Uptake (recovery) efficiency measures the amount of nitrogen fertilizer recovered within the 
plant and how well nitrogen rate influences plant uptake. The procedure for calculating uptake 
efficiency is shown in Equation 3.7 where Plant+N indicates kg of N ac
-1
 in grain and stover, 
Plant-N is the kg of N ac
-1
 in grain and stover at 0 kg N ac
-1
, and N rate is the quantity of N 
fertilizer applied in kg ac
-1
. 
                   (
               
     
)                                                            (3.7)  
Utilization (physiological) efficiency indicates how well plants used the absorbed nitrogen to 
produce yield. This measurement can have a high affiliation with plant genotype differences and 
is calculated by using Equation 3.8. 
                        
               
               
                                                              (3.8) 
 
Harvest 
Prior to harvest, stand counts were conducted to determine the final plant population of the 
plots. At harvest, the center two rows of each plot were harvested with an ALMACO SPC40 
combine (ALMACO, Nevada, IA) to determine grain weight and harvest moisture. Grain from 
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the R6 sampling was added into the combine harvest weight to determine grain yield. Grain yield 
is expressed as bu. acre
-1
 at 15.5% moisture concentration. A grain subsample from each plot 
was analyzed for grain quality using a dielectric (capacitance) type grain moisture meter (SL95, 
Steinlite Corp., Atchison, Kansas) and for the determination of kernel weight and kernel number.  
 
Experimental Design and Statistical Analysis 
The trial was arranged in a split block design with nitrogen rate (0, 60, 120, 180, or 240 lb N 
acre
-1
) as the main block and treatments randomly assigned as the split block in each of six 
replications. An experimental unit consisted of four rows, 11.4 m (37.5 ft.) in length with 0.76 m 
(30 in.) spacing. The two center rows of each plot were used for treatment applications and grain 
yield measurements. 
All traits measured in this study were analyzed using PROC Mixed in SAS (Version 9.3; 
SAS Institute Inc., Cary, NC) and significance was declared at P ≤ 0.10 unless otherwise noted. 
Fixed effects included N rate (0, 60, 120, 180, 240 lbs N ac
-1
), Stoller treatment (Control, More 
Power, Bio-Forge), and an N rate by Stoller treatment interaction. Foliar applications were 
confounded within a seed treatment combination, so we were not able to ascertain the value of 
individual products and thus the analysis was performed based on Stoller treatments (which 
would include the seed treatment and each of the foliar applications). PROC UNIVARIATE was 
used to determine potential outliers and assess normality of residuals. Figures were prepared 
using Sigma Plot (Version 12.3 Systat Software Inc., Chicago, IL). 
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RESULTS AND DISCUSSION 
 
Weather Conditions 
The 2013 growing season began with above average precipitation and below average 
temperatures that delayed planting across much of Illinois (Figure 3.1). After pollination, 
Champaign experienced increased temperatures with limited precipitation. Weather stress 
occurred during grain fill, which may have shortened the grain filling period and ultimately 
limited yield. 
 
Yield and Yield Components 
The average grain yield for Champaign was 191 bu. ac
-1
. Given the early cool and wet 
conditions, it is likely that the addition of nitrogen fertilizer played a larger role in management 
for higher yields because of increased N loss through leaching and denitrification. Grain 
moisture was not affected by the additions of fertility or Stoller products (Table 3.5). There was 
also a negative yield response to Bio-Forge treatments (P
 ≤ 0.10) that was particularly visible at 
the 60 lb. N rate level. Dry matter acre
-1
 increased with greater N application rates (Tables 3.5, 
3.6 & 3.7) and there tended to be a slight increase in tonnage with the use of More Power (P
 ≤ 
0.10, Tables 3.5, 3.6 & 3.8). Harvest index generally increased as nitrogen rate increased (Tables 
3.5, 3.6 & 3.7), which would be supported by most literature (Shapiro and Wortmann, 2006). 
Kernel number was increased with the addition of nitrogen (Tables 3.5, 3.6 & 3.7). There was a 
significant decrease in kernel weight from the addition of Bio-Forge (P
 ≤ .05) (Tables 3.5, 3.6 & 
3.8). The physiological reason for this response is not clear; however, a decrease in leaf health 
(e.g., photosynthesis rate) or partitioning efficiency of photoassimilates may have caused this 
yield reduction. 
 
Grain Quality Components 
Grain starch concentrations were similar among treatments, but grain protein and oil 
concentrations varied with nitrogen rate (Tables 3.9 & 3.10). As N application rates increased, 
the grain protein concentration increased and was compensated with decreased grain oil 
concentration (Table 3.11). There were no instances where the Stoller products significantly 
influenced the grain quality components within this study. 
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Nitrogen Efficiency 
Grain and stover N concentrations were highly influenced by nitrogen applications (P
 ≤ 
0.001) (Tables 3.12, 3.13 & 3.14). Interestingly, the grain and stover nitrogen contents increased 
at relatively the same rates as nitrogen rate increases, but there was a larger increase in total N 
content between the 120 and 180 lb ac
-1
 nitrogen rates, as indicated by greater uptake efficiency 
(Table 3.14). Total plant nitrogen content also increased as nitrogen rates increased (P
 ≤ 0.001, 
Tables 3.12, 3.13 & 3.14), but decreased with the use of Bio-Forge. Nitrogen harvest index was 
highest at moderate N rates and indicates that a larger portion of total N taken up by the plant 
was used to produce grain (Tables 3.12, 3.13 & 3.14).  Nitrogen use efficiency was highest at 
low nitrogen rates and continued to decrease with increasing nitrogen rate (P
 ≤ 0.001, Tables 
3.12, 3.13 & 3.14), which is similar of which was reported in other literature (Barak et al., 1997). 
More Power increased nitrogen use efficiency, especially at low nitrogen application rates. 
Uptake efficiency, or how well the plant recovers the applied nutrients, was greatest at the 60 
pound per acre nitrogen rate and tended to increase with More Power. Utilization Efficiency is 
how well the plant physically uses the applied nutrient and how it uses the nutrient to produce 
yield. Utilization efficiency was greatest at the 60 and 120 lb ac
-1
 N rates, while decreasing as 
rates increased. When averaged across all N rates, More Power increased utilization efficiency 
compared to Bio-Forge, especially at the 60 lb ac
-1
 nitrogen rate (Tables 3.12, 3.13 & 3.15). 
These results are in general agreement with past literature suggesting that increased nitrogen 
application rates gradually increase plant N uptake, grain N accumulation, grain protein, and 
therefore decrease NUE.  
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CONCLUSIONS 
Early season cool temperatures and wet weather created an environment for large yield 
responses to nitrogen fertilizer. Evaluation of individual foliar applications was not possible 
because of confounded treatment applications, but analyses suggested that More Power and Bio-
Forge packages influenced corn growth and development via decreases in grain yield via kernel 
weight, increases in total biomass, and increases in NUE. The More Power treatment package 
tended to perform better at low fertility environments, suggesting that it may enhance nutrient 
availability or stimulate plant growth to access available nutrients from the marginal lands. 
Individual evaluation of these applications over more site years would allow for researchers to 
identify the key times and plant physiological parameters affected to optimize product 
placement.   
 111 
 
FIGURES 
 
Figure 3.1. Precipitation and daily maximum and minimum temperature that occurred during the 
2013 growing season at Champaign, Illinois. 
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Table 3.1. Spring soil test levels taken from the 0 lb. ac
-1
 nitrogen plots across the experiment in 2013. 
Soil Test OM P K Mg Ca pH CEC Nitrate 
 % ---------------------------------------- ppm*-------------------------------------  meq/100g ppm 
Maximum 3.3 41.0 210.0 517.0 2545 6.4 21.7 20.0 
Minimum 2.4 16.0 127.0 345.0 2120 5.6 16.5 15.0 
Ave. Stoller NUE Exp. 2.8 26.7 164.2 427.1 2348 6.0 18.5 16.4 
*Weak Bray 1 extraction procedure with soil samples taken at a depth of  0-6” 
 113 
 
 
 
 
 
 
 
Table 3.2. Description of the nitrogen regime and seed and foliar applied treatments evaluated for yield 
and plant physiological parameters at Champaign, IL, during 2013. 
Trt. 
Nitrogen 
(lbs ac
-1
) 
Seed Treatment* V4-V6 Pre-Tassel R2 
1 0 UTC --- --- --- 
2  More Power + STO-33 + Force --- More Power + Sugar Mover Force PM 
3  Bio-Forge ST Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
4 60 UTC --- --- --- 
5  More Power + STO-33 + Force --- More Power + Sugar Mover Force PM 
6  Bio-Forge ST Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
7 120 UTC --- --- --- 
8  More Power + STO-33 + Force --- More Power + Sugar Mover Force PM 
9  Bio-Forge ST Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
10 180 UTC --- --- --- 
11  More Power + STO-33 + Force  More Power + Sugar Mover Force PM 
12  Bio-Forge ST Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
13 240 UTC --- --- --- 
14  More Power + STO-33 + Force --- More Power + Sugar Mover Force PM 
15  Bio-Forge ST Bio-Forge Bio-Forge + X-Cyte Sugar Mover 
*Application Rates: 
Seed Treatments:  More Power 1oz./cwt, STO-33 1oz./cwt, Force 1oz./cwt, Bio-Forge ST 2oz./cwt 
Cwt: Centum weight (100 lbs)  of seed 
V4-V6: Bio-Forge 8oz./Acre 
Pre-Tassel:  More Power 16oz./Acre, Sugar Mover 16oz./Acre, Bio-Forge 8oz./Acre, X-Cyte 16oz./Acre 
R2: Force PM 48oz./Acre, Sugar Mover 16oz./Acre 
UTC: Untreated Control 
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Table 3.3. Active Ingredients of Stoller products used throughout the trial in Champaign, IL, 
during 2013. 
Stoller Product Active Ingredients Active Ingredient Derivatives 
More Power 6.5% Ca Calcium Chloride 
Force 2-0-7 Potassium Nitrate, Inverted Sugar 
STO-33 ??? ??? 
Force PM ??? ??? 
Bio-Forge ST 2-0-3 Urea N, & Soluble Potash (K2O) 
Bio-Forge 4.3% N, 8.5% KOH antioxidant N,N’-diformyl urea, Potassium Hydroxide 
X-Cyte 0.04% Cytokinin Kinetin 
Sugar Mover 8% B, 0.004% Mo  Boric Acid & Molybdate 
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Table 3.4. Dates of planting, treatment applications, measurements, and harvest at Champaign, IL, 
during 2013. Julian days are shown in parentheses. 
Treatment or Measurement Growth stage/timing Dates 
Planting --- 08 June (159) 
Bio-Forge V4-V6 29 June (180) 
Sugar Mover + More Power, Bio-Forge + X-Cyte Pre-Tassel 29 July (210) 
Force PM,  Sugar Mover R2 22 Aug. (234) 
Plant Sampling R6 30 Sept. (273) 
Harvest --- 29 Oct. (302) 
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Table 3.5. Analysis of variance for fixed effects of N rate, Stoller Treatment and nitrogen* Stoller 
Treatment on yield, yield component, and biomass measurements at Champaign, IL, during 2013. 
Source of Error Yield Moisture 
Dry 
Matter 
HI 
Kernel 
Number 
Kernel 
Weight 
N rate <0.0001 0.6054 <0.0001 <0.0001 <0.0001 0.0005 
Stoller Trt. 0.0881 0.1170 0.0685 0.1165 0.1772 0.0390 
N rate* Stoller Trt. 0.2227 0.1663 0.4407 0.3152 0.7784 0.2781 
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Table 3.6. Effect of nitrogen rate and Stoller Treatment on grain yield, dry matter, HI, and yield 
components of corn at Champaign, IL, during 2013. Yield is measured in bu. acre
-1
 at 15.5% moisture, 
while dry matter and kernel weight are measured at 0% moisture. 
N Rate Stoller Treatment 
Grain 
Yield 
Dry   
Matter 
HI 
Kernel 
number 
Kernel 
weight 
lbs acre
-1  bu. acre-1 U.S. Tons ac-1  no. m-2 mg kernel-1 
0 UTC 149.0 7.7 0.46 3194 247 
 More Power* 135.4 6.9 0.46 3006 239 
 Bio-Forge† 143.2 7.3 0.47 3108 244 
60 UTC 203.8 8.8 0.57 4220 256 
 More Power 209.4 9.3 0.56 4079 274 
 Bio-Forge 175.8 8.4 0.54 3890 240 
120 UTC 206.6 9.1 0.57 4132 266 
 More Power 208.0 9.8 0.56 4094 269 
 Bio-Forge 206.9 9.4 0.57 4165 264 
180 UTC 205.7 9.5 0.59 4156 263 
 More Power 206.6 9.6 0.58 4100 267 
 Bio-Forge 196.8 8.7 0.60 4051 258 
240 UTC 201.1 9.6 0.59 4132 260 
 More Power 215.4 10.6 0.57 4106 279 
 Bio-Forge 201.4 9.4 0.59 4049 263 
Averages 191.0 8.9 0.55 3899 259 
LSD (=0.10)   18.4 1.0 0.02   277   17 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of 
More Power and Sugar Mover, and a R2 application of Force PM.  
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-
Cyte pre-tassel applications, and a R2 application of Sugar Mover.  
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Table 3.7. Effect of nitrogen rate on grain yield, dry matter, HI, and yield components of corn at 
Champaign, IL, during 2013.  Yield is measured in bu. acre
-1
 at 15.5% moisture, while dry matter and 
kernel weight are measured at 0% moisture. 
N Rate Grain Yield Dry Matter HI 
Kernel 
number 
Kernel 
weight 
lbs. acre
-1 bu. acre-1 U.S. Tons ac-1  no. m-2 mg kernel-1 
 0 142.6 7.3 0.46 3103 243 
 60 196.4 8.8 0.55 4063 257 
 120 207.2 9.4 0.57 4131 266 
 180 203.0 9.3 0.59 4102 263 
 240 206.0 9.9 0.58 4096 267 
Average 191.0 8.9 0.55 3899 259 
LSD (=0.10)  11.6 0.6 0.02   202   10 
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Table 3.8. Effect of Stoller Treatment on grain yield, dry matter, HI, and yield components of corn at 
Champaign, IL, during 2013. Yield is measured in bu. acre
-1
 at 15.5% moisture, concentration and 
kernel weight in mg kernel
-1
 at 0% moisture. 
Stoller Treatment Grain Yield Dry Matter HI 
Kernel 
number 
Kernel 
weight 
 bu. acre
-1
 U.S. Tons ac
-1
  no. m
-2
 mg kernel
-1
 
UTC 193.3 9.0 0.56 3967 258 
More Power* 195.0 9.3 0.54 3877 265 
Bio-Forge† 184.8 8.6 0.55 3853 254 
Averages 191.0 8.9 0.55 3899 259 
LSD (=0.10) 8.0 0.5 0.01   105     8 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of 
More Power and Sugar Mover, and a R2 application of Force PM.  
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-
Cyte pre-tassel applications, and a R2 application of Sugar Mover.  
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Table 3.9. Analysis of variance for fixed effects of N rate, Stoller Treatment and nitrogen* Stoller 
Treatment on grain quality components at Champaign, IL, during 2013. 
Source of Error Protein Oil Starch 
N rate <0.0001 0.0022 0.6729 
Stoller Treatment 0.7715 0.2198 0.4766 
N rate* Stoller Treatment 0.4739 0.3283 0.0867 
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Table 3.10. Effect of nitrogen rate and Stoller Treatment on grain quality of corn at Champaign, IL, 
during 2013. 
N Rate Stoller Treatment Protein Oil Starch 
lbs acre
-1  -------------------------------------------------------------------------  %  ------------------------------------------------------------------------------------ 
0 UTC 6.5 3.9 73.5 
 More Power* 6.6 4.0 73.5 
 Bio-Forge† 6.5 3.8 73.8 
60 UTC 7.3 3.7 73.4 
 More Power 7.4 3.8 73.5 
 Bio-Forge 7.4 3.4 73.8 
120 UTC 7.4 3.4 73.8 
 More Power 7.5 3.5 73.6 
 Bio-Forge 7.5 3.4 73.8 
180 UTC 8.4 3.5 73.2 
 More Power 8.3 3.3 73.8 
 Bio-Forge 8.4 3.4 73.4 
240 UTC 8.6 3.3 73.6 
 More Power 8.3 3.5 73.3 
 Bio-Forge 8.5 3.5 73.3 
Average 7.6 3.6 73.5 
LSD (=0.10) 0.3 0.3 0.5 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of 
More Power and Sugar Mover, and a R2 application of Force PM. 
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-
Cyte pre-tassel applications, and a R2 application of Sugar Mover. 
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Table 3.11. Effect of nitrogen rate on grain quality of corn at Champaign, IL, during 2013. 
N Rate Protein Oil Starch 
lbs. acre
-1 ------------------------------------------------------------------------------------------------------  %  ---------------------------------------------------------------------------------------------------------------- 
 0 6.5 3.9 73.6 
 60  7.3 3.6 73.6 
 120  7.5 3.4 73.7 
 180  8.4 3.4 73.4 
 240 8.5 3.4 73.4 
Average 7.6 3.6 73.5 
LSD (=0.10) 0.3 0.2 0.4 
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Table 3.12. Analysis of variance for fixed effects of N rate, Stoller Treatment and nitrogen* Stoller Treatment interaction on nitrogen 
accumulation and efficiency measures at Champaign, IL, during 2013. 
Source of Error Grain N Stover N 
Total Plant 
N Acre
-1 N HI NUE 
Uptake 
Efficiency 
Utilization 
Efficiency 
N rate <0.0001 <0.0001 <0.0001 0.0647 <0.0001 0.0381 0.0030 
Stoller Trt. 0.1286 0.2466 0.0568 0.6869 0.0015 0.0585 0.0346 
N rate* Stoller Trt. 0.4581 0.1613 0.2733 0.1309 0.0152 0.3080 0.0460 
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Table 3.13. Effect of nitrogen rate and Stoller Trt. on nitrogen accumulation and efficiency measures at Champaign, IL, during 2013. 
N Rate Stoller Treatment Grain N Stover N Total plant N N HI NUE†† 
Uptake 
Efficiency‡ 
Utilization 
Efficiency‡‡ 
lbs acre
-1  ------------------------------------   lbs acre-1  ------------------------------------  kg kg N 
-1
 % kg kg N 
-1 
0 UTC 76 28 104 0.73 --- --- --- 
 More Power* 71 27 98 0.72 --- --- --- 
 Bio-Forge† 73 28 101 0.72 --- --- --- 
60 UTC 129 37 166 0.77 51.1 103.6 61.5 
 More Power 135 40 175 0.77 69.1 128.3 67.5 
 Bio-Forge 114 41 156 0.73 30.4 91.9 28.0 
120 UTC 138 40 178 0.78 26.9 61.5 42.5 
 More Power 142 48 190 0.75 33.9 76.6 46.5 
 Bio-Forge 141 47 188 0.76 29.7 73.1 41.7 
180 UTC 177 64 241 0.74 17.6 76.3 22.9 
 More Power 171 57 228 0.75 22.2 71.9 29.7 
 Bio-Forge 168 46 214 0.78 16.7 63.2 26.0 
240 UTC 180 70 250 0.73 12.1 60.8 18.5 
 More Power 179 72 251 0.71 18.7 63.6 29.1 
 Bio-Forge 174 58 232 0.76 13.6 54.9 25.1 
Average 138 47 185 0.75 28.5 77.1 36.6 
LSD (=0.10)    15 15 22 0.04 11.9 31.4 17.8 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of More Power and Sugar Mover, and a 
R2 application of Force PM.  
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte pre-tassel applications, and a 
R2 application of Sugar Mover.  
††NUE calculated by (Yield +N –Yield -N) / N rate 
‡Uptake Efficiency  calculated by [(Plant N +N –Plant N -N) / N rate] x100 
‡‡Utilization Efficiency calculated by(Yield +N –Yield -N) / (Plant N +N –Plant N -N) 
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Table 3.14.  Effect of nitrogen rate on nitrogen accumulation and efficiency for corn grown at Champaign, IL, during 2013. 
N Rate Grain N Stover N Total plant N N HI NUE†† Uptake Efficiency‡ Utilization Efficiency‡‡ 
lbs. acre
-1 -----------------------------------------------   lbs acre-1  ----------------------------------------------------  kg kg N -1 % kg kg N -1 
 0 73 28 101 0.72 --- --- --- 
 60 126 40 166 0.76 50.2 107.9 52.3 
 120 141 45 185 0.76 30.2 70.4 43.6 
 180 172 56 228 0.76 18.8 70.4 26.2 
 240 178 67 244 0.73 14.8 59.8 24.2 
Average 138 47 185 0.75 28.5 77.1 36.6 
LSD (=0.10)   12   9   17 0.03   6.9 27.5 12.5 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of More Power and Sugar Mover, and a R2 
application of Force PM.  
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte pre-tassel applications, and a R2 
application of Sugar Mover.  
††NUE calculated by (Yield +N –Yield -N) / N rate 
‡Uptake Efficiency  calculated by [(Plant N +N –Plant N -N) / N rate] x100 
‡‡Utilization Efficiency calculated by(Yield +N –Yield -N) / (Plant N +N –Plant N -N) 
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Table 3.15.  Effect of Stoller Trt on nitrogen accumulation and efficiency measures at Champaign, IL, during 2013. 
Stoller Treatment Grain N Stover N Total plant N N HI NUE†† Uptake Efficiency‡ Utilization Efficiency‡‡ 
 ------------------------------------------   lbs acre-1  -----------------------------------------  kg kg N 
-1
 % kg kg N 
-1 
UTC 140 48 188 0.75 26.9 75.5 36.4 
More Power* 140 49 188 0.74 35.9 85.1 43.2 
Bio-Forge† 134 44 178 0.75 22.6 70.8 30.2 
Average 138 47 185 0.75 28.5 77.1 36.6 
LSD (=0.10)     6 NS 8 NS 6.0 10.0 8.1 
*Treatment includes seed treatments of More Power, STO-33, and Force, pre-tassel applications of More Power and Sugar Mover, and a R2 
application of Force PM.  
†Treatment includes a Bio-Forge ST seed treatment, Bio-Forge V4-V6 application, Bio-Forge + X-Cyte pre-tassel applications, and a R2 application 
of Sugar Mover.  
††NUE calculated by (Yield +N –Yield -N) / N rate 
‡Uptake Efficiency  calculated by [(Plant N +N –Plant N -N) / N rate] x100 
‡‡Utilization Efficiency calculated by(Yield +N –Yield -N) / (Plant N +N –Plant N -N) 
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CHAPTER 4 
Determining Insecticide and Fungicide Effects on Corn with and 
Without Nitrogen Protection 
 
EXECUTIVE SUMMARY 
Increased yields of corn can be achieved through management practices that combine hybrids 
having a high yield potential with improved fertility practices and chemical protection from 
fungal and insect pests. The overall objective of this research was to understand the potential 
synergies between INSTINCT (Dow AgroSciences, Indianapolis, IN) nitrification inhibitor, 
foliar insecticides, and a strobilurin fungicide. Our hypothesis was that the effectiveness of 
fungicide and insecticide application during the reproductive period would be enhanced by 
season-long nitrogen (N) availability. Trials were conducted at two Illinois locations (Champaign 
and DeKalb) in 2012 and 2013. Measurements consisted of grain yield, yield components (kernel 
number and kernel weight), grain quality (oil, protein, and starch), grain moisture, plant lodging, 
plant disease, insect levels, SPAD readings and senescence ratings. 
Due to a relatively dry spring and warm temperatures in 2012, mineralization of soil N was 
high with a low potential for N loss, leading to above average yields with no additional fertilizer 
N. As such, there were no significant a priori contrasts including INSTINCT at either location. If 
all treatments including INSTINCT were evaluated against the treatments that did not receive 
INSTINCT at DeKalb, a significant increase of 0.32 Mg ha
-1
 (6 bu acre
-1
) occurred. Insect and 
disease pressure was low in 2012 and there were no significant yield responses to either of these 
foliar protection strategies. A few instances of altered grain composition occurred as a result of 
INSTINCT, fungicide, or insecticide [Cobalt Advanced, & Transform, Dow AgroSciences, 
Indianapolis, IN)] applications, though the measured changes were relatively minor and the 
physiological causes were not clear. In 2013, high temperatures and late season drought stress at 
the Champaign location limited yields and response to management inputs. Even with low insect 
and disease pressure in 2013, there were significant yield responses of 6.5 bu ac
-1
 from Headline 
AMP (BASF Corporation, Research Triangle Park, NC) when averaged across both locations. 
There were a few instances where grain composition was altered, but the addition of INSTINCT 
tended to increase grain protein concentration. These results indicate that even when 
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environmental conditions are conducive for plant stress (post flowering moisture deficiencies 
and elevated temperatures), proper management throughout a growing season can improve plant 
health (leaf chlorophyll content), grain yield, and grain quality. 
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INTRODUCTION 
Increasing fixed and variable production costs has rekindled an interest in N use efficiency as 
well as increased concern for environmental quality and the adoption of best management 
practices. Nitrogen is an essential nutrient typically needed to be applied in relatively large 
quantities to attain high yields when compared to other nutrients. As a general rule, corn may 
need between 1 and 1.2 pounds of N per bushel of grain produced which agrees with recent 
research from the University of Illinois (Bender et al., 2013). Not only is the addition of fertilizer 
costly; however, it can have detrimental effects on the environment with improper management.  
Additions of N are subject to leaching and removal from the root zone where it can potentially 
enter the surface and ground water. Once in these water sources, large quantities of nitrate can 
cause concern for health and environmental aspects such as eutrophication of freshwater and 
hypoxia of sea waters (Frye, 2005; Shaviv and Mikkelsen, 1993). Methaemoglobinemia (Baby 
blue syndrome) is an example of negative health effects in infants where higher levels of nitrate 
in drinking water can limit the supply of oxygen in newborn children (Shaviv and Mikkelsen, 
1993). Excessive nitrate in drinking water can be caused by over-applications of N fertilizers, so 
by adapting best management practices for N fertilizer applications, one can minimize the 
deterioration of water bodies via eutrophication and hypoxia (Bundy, 2004).  
Sustainable agriculture has been defined as a practice over the long term that enhances 
environmental quality and the resource base on which agriculture depends, provides for basic 
human food and fiber needs, is economically viable, and improves the quality of life for farmers 
and society as a whole (Pikul et al., 2005). This indicates that yield improvements must occur 
with minimal negative environmental impacts associated with agriculture by means of improved 
N, phosphorus (P), and water use efficiency (Tilman et al., 2002). Improved N use efficiency in 
crop production benefits profitability, crop quality, environment and overall sustainability of 
agriculture systems (Ruark, 2010; Wolt, 2000). 
Nitrogen has a higher use efficiency when compared to other nutrients, but can have a low 
use efficiency due to several processes that make N more prone to losses such as volatilization, 
denitrification, fixation, leaching and immobilization (Franzen, 2011). With excessive levels of 
precipitation or irrigation, leaching is one of the most predominant nitrogen loss pathways in the 
form of NO3
-
. Denitrification reduces NO3
-
 to N2 or N2O gas that is lost to the atmosphere and is 
exacerbated in warm water saturated soils. Ammonia volatilization occurs at high levels in 
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surface applications of urea fertilizer.  N immobilization is a response from increased microbial 
growth from inorganic N to amino acids on high C:N ratio residues. Varying environmental 
conditions can affect the nitrogen loss, N availability, and chemical transformation of N in the 
soil. Higher temperatures consistently release more N from the soil than at lower temperatures 
(Engelsjord et al., 1996). Ammonification, or the conversion of organic N into ammonium by 
soil microbes, generally increases in abundance as the season progresses from cooler wetter soils 
to environments that are more conducive for microbial growth. Nitrification occurs rapidly in 
warm, well aerated soils that are properly limed with a pH between 6.5 and 7.0 (Bundy, 2004). 
Maximum nutrient use efficiency can be achieved by improving N supply during seasonal 
fluctuations of plant needs using integrated agronomic and fertilizer technologies. Regardless of 
its definition, nutrient use efficiency can be increased by improving plant use and uptake from N 
fertilizers and by N mineralized from the soil, and by reducing loss of plant-available nutrients 
(Cassman et al., 2002; Hauck, 1984). Several approaches can increase the efficiency of N for 
plants such as slow-release N fertilizers, chemicals that inhibit biological N transformation in 
soils, amendments to N fertilizers that alter their physical and/or chemical properties, and 
improved crop and soil management practices (Hauck, 1984). 
Past management practices when surface applying N were to use a N fertilizer other than a 
urea-based one, adding a urea-based fertilizer immediately before a heavy rain or irrigation, 
using split applications of fertilizer or simply accepting loss from losing N as NH3 (Hauck, 
1984). Well-established fertilizer best management practices indicate that using a nitrification 
inhibitor may increase fertilizer use efficiency in crop production that carries benefits such as 
increased profitability, crop quality and decreased impacts on the environment (Wolt, 2000). 
Nitrification inhibitors such as nitrapyrin slow the nitrification process by interfering with the 
activity of the Nitrosomonas group of bacteria that transform NH3 to NO2
-
. This can lead to 
decreased N losses and increased nitrogen availability later in the season (Franzen, 2011; Ruark, 
2010; White et al., 1978). 
 The main benefits from using fertilizer technologies are increases in yield using a standard N 
application rate or maintenance of yields by applying less N (Ruark, 2010). Application of slow 
release N at 25-35% lower rates than conventional N sources decreased the total amount of N 
subject to loss without sacrificing crop yield (Blaylock et al., 2005). Other potential benefits 
from slow release fertilizers include more efficient use of N by the crop, less leaching of N, 
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lower toxicities associated with luxury consumption, longer lasting N supply, reduced 
volatilization of losses of N and lower application cost. Luxury consumption or accumulation of 
NO3
- 
within the plant can be controlled with split applications of soluble fertilizers or one 
application of a slow release N fertilizer. The slow-release N fertilizers availability often has a 
better relationship with the actual crop uptake pattern. Crops such as corn that uptake large 
amount of N early on and store it in the leaves show less benefits from slow release N fertilizers 
except where there are large leaching losses (Seward, 1984). Leaching losses of N were twenty 
times lower for slow release N products when compared to regular N sources (Engelsjord et al., 
1996). Applications of N-protected solutions require specific management to prevent loss. 
Surface applications of protected N solutions must be followed by immediate incorporation to 
minimize loss of the volatile nitrapyrin (Hauck, 1984; Scharf et al., 2006). Demand for N 
increases with biomass yield, but the N HI decreases as linear and quadratic function of N rate 
(Shapiro and Wortmann, 2006). 
Timing of fertilizer applications can affect their efficiency and the potential for N losses, 
where fall applications usually are 10-15% less effective than those in the spring. Benefits of N 
side-dress over pre-plant applications are greatest on sandy or fine-textured poorly drained soils 
over that of pre-plant applications (Bundy, 2004; White et al., 1978). Fall applied N without 
nitrapyrin is much more susceptible to loss via subsurface drainage compared to N with 
nitrapyrin, split applications or spring-applied N (Randall et al., 2003). Nitrification inhibitors 
are generally more effective with fall as compared with spring application of N and with lower 
rates of N fertilizer (Blackmer and Sanchez, 1988; Frye, 2005; Wolt, 2000). Most of this 
previous research focuses on how nitrification inhibitors solely affect yield gain or N loss 
throughout the season. Evaluation of nitrification inhibitors should be coupled with other 
management products to provide producers with information relating to their overall effect on 
plant physiological processes. 
Nitrogen additives in general provide growers with options to extend the activity of N 
nutrition to their crops, and the likelihood of economic responses is highly dependent upon 
environmental factors (Franzen, 2011). In determining the response from nitrogen additives, 
some studies indicate that only the reduction of N losses can be accounted for, though increases 
for yield and protein were often unaccounted for (Shaviv and Mikkelsen, 1993). Unfortunately, 
there have been mixed results on the benefits from additions of nitrapyrin on yield, but it has 
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been shown to more beneficial at times when N is likely to be lost such as fall N applications or 
soils prone to N loss from denitrification or leaching (clay or sandy soils) (Bundy, 2004; 
Franzen, 2011; Mamo et al., 2003; Townsend and McRae, 1980). When striving for optimal 
plant growth, increased fertilizer rates consistently increased yields of crops harvested for total 
biomass such as corn silage (O'Leary and Rehm, 1990). Other crops such as wheat that had N 
more available from higher N rates increased yield, kernel weight, and test weight; therefore, one 
could expect to see an increase in grain quality with additions of N or increased N availability 
(Howard et al., 1994). 
Additions of N were more important for increases in N content than for yield of corn grain 
and provided more consistent levels of each. Nitrogen significantly increased corn yield, protein 
content and test weight, but decreased corn oil and starch content (Miao et al., 2006). Other 
findings indicate that protein and oil contents increased with additions of N, but with different 
intensities when compared to each other (Lang et al., 1956). Hybrids tended to be a more 
important source of variation in oil content while growing conditions tended to influence protein 
content (Genter et al., 1956; Lang et al., 1956). Protein was significantly higher under dry 
conditions as well as when increments of N were added to increase the yields of grain and 
protein (Genter et al., 1956). 
Season long management for plant health is important for a corn crop to perform to its 
highest potential. Increased application rates of N have been shown to decrease infection and 
stalk rot of corn, and by adding nitrapyrin, further reduction in stalk rot severities were often 
observed (White et al., 1978). Crops often prefer nitrate versus ammonium forms of N which can 
affect the amount of N taken up within the plant (Cassman et al., 2002; Schepers et al., 1992). 
There is a close relationship between leaf N concentration and leaf greenness. This indicates that 
when leaves appear greener, more sufficient uptake of N was partitioned into the leaves where it 
could then be more efficiently partitioned into the grain late in the season (Schepers et al., 1992). 
Stress that occurs before R6 reduces starch accumulation in the kernel and makes lighter seed, 
while anything that reduces stress between R1 and R6 often increases kernel weights. Fungicides 
could potentially aid in kernel retention and increase kernel weights; therefore reducing stress at 
or after VT, where yield could be increased through more kernels per row and greater kernel 
weights (Elmore and Abendroth, 2007). The use of strobilurin fungicides can aid in soil N uptake 
and reduces the risk of leaching following harvest because of better retention of leaves during the 
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growing season. Aside from improving the uptake of N, strobilurins have been shown to increase 
grain N yields and increase N harvest index due to increases in net remobilization of N from 
vegetative tissues to the grain after anthesis (Ruske et al., 2003). By integrating several 
management practices with fertility technologies to plant protection products, we hope this 
research will benefit growers by showing them ways that products may interact to more 
consistently increase crop production while decreasing detrimental environmental impacts. The 
overall objectives of this research are to determine whether additional protection from 
insecticides and fungicides will enhance the performance of nitrogen that is protected with 
nitrapyrin.   
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MATERIALS AND METHODS 
 
Field Characteristics 
The management trials were conducted at two locations in Illinois; University of Illinois Crop 
Sciences Research and Education Center in Champaign (40.050042 N -88.233025 W) and a 
cooperating farmers property in DeKalb (41.784911 N -88.84455 W) in 2012 and 2013. In 2012, 
the experiment was also conducted at Harrisburg (37.721832 N, 88.432088 W). Emergence and 
stand establishment were extremely poor at the Harrisburg location due to extreme early season 
drought, and as a result, this site was abandoned. A DeKalb corn hybrid (DKC62-97 VT3P; 112 
day relative maturity) previously characterized by our lab as being responsive to increased 
population and N availability was planted at these locations to achieve a final population of 
approximately 40,000 plants acre
-1
. Each of the locations had sufficient levels of P and K based 
on pre-plant soil tests following soybeans as the previous crop. In Champaign, the predominant 
soil types were a Flanagan silt loam and a Drummer silty clay loam with 0-2% slopes in 2012 
and 2013 respectively. At DeKalb, the soil types were predominantly Elpaso and Drummer silty 
clay loams with 0-2% slopes in 2012 and 2013 respectively. 
 
Agronomic Management 
At planting, all plots received an in-furrow application of Force 3G (AMVAC, Los Angeles, 
Ca) [tefluthrin: (2,3,5,6-tetrafluoro-4-methylphenyl)methyl-(1,3)-(Z)-(±)-3-(2-chloro-3,3,3-
trifluoro-1-propenyl)-2,2-dimethylcyclopropanecarboxylate] soil insecticide at a rate of 0.15 kg 
a.i. ha
-1
 (0.1335 lb a.i. ac
-1
). Weed control consisted of a pre-emergence application of Lumax 
EZ (Syngenta, Basel, Switzerland) [S-metolachlor (2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-
methoxy-1-methylethyl)acetamide)], + atrazine (6-chloro-N-ethyl-N′-(1-methylethyl)-1,3,5-
triazine-2,4-diamine),  + mesotrione ([2-[4-(methylsufonyl)-2-nitrobenzoyl]-1,3-
cyclohexanedione) at a rate of 7 L ha
-1
 (3 qt. ac
-1
) and a post-emergence application of  ¾ rate 
(1.75 L ha
-1
, 0.75 qt. ac
-1
)  glyphosate (N-(phosphonomethyl) glycine in the form of potassium 
salt) as Roundup POWERMAX (Monsanto, St. Louis, MO). The two center rows of each plot 
were used for treatment application and grain yield measurements. Nitrogen, fungicide and 
insecticide treatment details, including the product concentrations, formulations, active 
ingredients, application rates, and application timings for the 2012 trial are shown in Table 4.1 
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with 2013 info shown later. The 200 lb. N treatments (urea ammonium nitrate; 28-0-0 with and 
without INSTINCT) were applied by hand between the three inter-row areas of each plot using a 
two liter bottle with a constant volume of water carrier at approximately the V6 plant growth 
stage to carry the product into the soil. The fungicide and insecticide treatments were applied 
with a CO2-pressurized backpack sprayer at a rate of 140 liters ha
-1
 (15 GPA) and applied 
primarily with TeeJet XR11002 nozzles to get adequate plant coverage. Planting, treatment 
application, and harvest dates for 2012 are shown in Table 4.2.  
 
Insect Management 
Corn aphid counts were taken on every plot throughout the experiment in 2013 prior to 
fungicide and insecticide applications. At both locations, no significant aphid levels were 
detected on any of five consecutive plants examined per plot, nor were aphids detected fourteen 
days after the insecticide and fungicide treatments. 
Adult corn rootworm beetle evaluations were also conducted prior to foliar applications of 
fungicides and insecticides, as well as seven to fourteen days after the insecticide and fungicide 
treatments in 2013. Prior to foliar applications, only a few western rootworm adults were 
detected throughout the entire experiment at Champaign, while at DeKalb there was a 
considerable increase in the amount of rootworms observed, but still at levels of less than the 
threshold of one adult rootworm per plant. Following foliar applications and at the later 
assessment date, rootworm levels increased at both locations. The Western corn rootworm was 
most prevalent at both locations, with a few occurrences of the Northern corn rootworm at 
DeKalb. At either location, there were no treatment effects on the distribution of corn rootworm 
beetles.  
 
Plant Protection Assessment 
Disease assessments were conducted prior to application of fungicides and insecticides in both 
years. Five consecutive representative plants were assessed in every plot and the level of disease 
pressure never exceeded 5% (“slight”). In 2012 and 2013, environmental conditions were not 
particularly conducive for high levels of disease late in the season, so disease presence was quite 
low at Champaign and DeKalb. The primary disease observed was common rust (Puccinia 
sorghi) at DeKalb, which was uniformly distributed throughout the plot area in 2013. 
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Crop injury ratings were conducted approximately three and seven to fourteen days following 
fungicide and insecticide applications at each of the locations. Since no damage was observed at 
either location in both years, the percent chlorosis, necrosis, and plant injury were reported as 
zero for all treatments. 
Vigor ratings of plants were assessed by taking SPAD measurements approximately 45 days 
after treatment with fungicide and insecticide with a Minolta SPAD handheld reader (Konica 
Minolta Holdings, Inc., Tokyo, Japan). The SPAD measurements were averaged for the leaf 
above and below the ear on ten consecutive plants (20 measurements total per plot). Senescence 
ratings were recorded approximately four weeks prior to harvest on a 1-5 scale relative to other 
plots (1-green, 5-fully senesced) as shown in Table 4.3. 
Stand and lodging counts were conducted to determine treatment standability prior to harvest. 
Plot stand was determined by counting the number of total plants in the center two rows, while 
the lodging measurements were calculated by determining the percentage of plants that were 
broken below the ear or lodged from the roots relative to the final population. There were no 
detectable effects of treatment application on these parameters in either year. 
 
Harvest 
At harvest, the center two rows of each plot were harvested with a research plot combine 
(ALMACO, Nevada, IA) to determine grain yield and harvest moisture. Grain yields are 
expressed as bu acre
-1
 at 15.5% moisture concentration or Mg ha
-1
 at 0% moisture concentration. 
A grain subsample from each plot was analyzed for grain quality using near-infrared 
transmittance spectroscopy (Infratec 1241 Grain Analyzer; FOS) and for the determination of 
individual kernel weight and kernel number. 
 
Experimental Design and Statistical Analysis 
Each trial was arranged in a randomized complete block design with four replications. An 
experimental unit consisted of four rows, 37.5 ft. in length with 30 in. spacing with an ALMACO 
SeedPro 360 planter (ALMACO, Nevada, IA). The two center rows of each plot were used for 
treatment applications and grain yield measurements. Traits measured in this study were 
analyzed using PROC GLM in SAS (Version 9.3; SAS Institute Inc., Cary, NC) for 2012 and in 
PROC Mixed in 2013 where significance was declared at P ≤ 0.10 unless otherwise noted. Each 
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year was analyzed separately due to treatment differences, and drastic changes in environments 
from 2012 to 2013. Treatment effects for 2012 were compared individually using PROC GLM 
and declared significant only if mentioned within the text. Statistics were first declared 
significant by evaluating treatment (Trt) in relation to the untreated check (UTC) at each location 
(Champaign, DeKalb IL) in 2013 as indicated in the following tables. Locations were also 
assessed separately within each year. Further evaluation was conducted to show significance 
levels by determining the fixed effects of INSTINCT, fungicide or insecticide by location in 
2013. Random terms in the statistical model were rep nested within location. PROC 
UNIVARIATE was used to determine potential outliers and assess normality of residuals in 
2013. Figures were prepared using Sigma Plot (Version 12.3 Systat Software Inc., Chicago, IL). 
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2012 RESULTS AND DISCUSSION 
Weather Conditions  
The 2012 growing season was the second warmest and tenth driest on record for Illinois. The 
season started with a warmer than normal winter that allowed for earlier planting across much of 
the state. Growing conditions for Champaign and DeKalb were characterized by a warmer and 
drier than usual growing season. Champaign had high temperatures concurrent with a lack of 
precipitation throughout the vegetative and early reproductive stages of the plant which resulted 
in severe drought stress and lower than normal grain yield (Figure 4.1). August rains at 
Champaign may have benefited grain filling, but yield loss had already occurred as a result of the 
earlier stresses. At DeKalb, precipitation was limited in total amount, but timely precipitation 
events resulted in a greater average yield compared to Champaign (Figure 4.2). The DeKalb site 
also received less stressful temperatures compared to Champaign and Harrisburg, especially 
during grain fill. 
 
SPAD Readings and Senescence Ratings 
There was a significant treatment effect on chlorophyll concentration at DeKalb while there 
were no significant differences at Champaign (Table 4.4). At DeKalb, the only treatment that 
was significantly different from the UTC was the addition of INSTINCT and
 
Transform (P ≤ 
0.05), which had a negative effect on chlorophyll concentration. 
Senescence ratings at both Champaign and DeKalb resulted in no significant differences in 
percentage of senesced leaf area when compared to the UTC (Table 4.4). The Champaign trial 
site had relatively uniform senescence ratings while DeKalb showed some minor variability 
among plots. The trend toward greater senescence at DeKalb may have resulted from a frost that 
took place approximately four weeks prior to harvest.  
 
Grain Yield and Yield Components 
Yields at Champaign and DeKalb showed no significant differences between any treatment 
and the UTC (Tables 4.5 and 4.6). The average yield at DeKalb was 13.2 Mg ha
-1
 (248 bu ac
-1
) 
while Champaign averaged 9.5 Mg ha
-1
 (178 bu ac
-1
). Given the dry season it was difficult to 
detect treatment effects at either location, but there was a significant (P ≤ 0.05) increase in yield 
of 0.32 Mg ha
-1
 (5.1 bu ac
-1
) from INSTINCT application when all treatments receiving the 
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nitrification inhibitor were combined and contrasted with the mean of all treatments that did not 
receive INSTINCT.  
Yield components were generally unaffected by the treatments but there were some instances 
of decreased individual kernel weight at DeKalb from the application of foliar insecticides 
(Table 4.6). Yield was unaffected by the same treatments indicating yield component 
compensation (i.e., increased kernel number). 
 
Grain Quality Components 
Grain starch concentrations were similar between locations, but protein was higher at 
Champaign compared to DeKalb (Tables 4.7 and 4.8) which could be due to a drier environment 
as supported by Genter et al. (1956). In contrast, oil was higher at DeKalb in comparison to 
Champaign which would agree with other research where protein and N concentrations were 
inversely related (Miao et al., 2006). A few instances of altered grain composition occurred as a 
result of INSTINCT, fungicide, or insecticide applications, but the measured changes were 
relatively minor and the physiological causes unclear. Plant lodging did not appear to be affected 
by treatments, and only occasional grain moisture differences occurred with INSTINCT and 
insecticide combinations (Table 4.9). It is plausible that differences in source availability 
resulting from foliar crop protection might positively influence grain composition especially 
when combined with season-long N availability.   
 
 
 
 
 
 
 
 
 
 
 
 
 143 
 
2012 CONCLUSIONS 
High temperatures and drought stress at the Champaign location limited yields and response 
to management inputs. Due to a relatively dry spring and warm temperatures, mineralization of 
soil N was high and potential for N loss was low, leading to greater than average yields with no 
additional applied fertilizer N. As such, the impact of INSTINCT was limited. Furthermore, 
insect and disease pressure was low in 2012 and there were no significant yield responses to 
either of these foliar protection strategies. These results indicate that the weather experienced 
during a growing season can impact the effectiveness of crop management inputs.  
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2012 FIGURES 
 
Figure 4.1. Precipitation and daily maximum and minimum temperature that 
occurred during the 2012 growing season at Champaign, Illinois. 
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Figure 4.2. Precipitation and daily maximum and minimum temperature that 
occurred during the 2012 growing season at DeKalb, Illinois. 
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2012 TABLES 
 
Table 4.1. Descriptions of the nitrogen inhibitor, fungicide, and insecticide treatments evaluated for yield 
and leaf health of corn at two locations in Illinois in 2012. 
Trt Treatments Concentration Formulation 
Active 
Ingredient 
Rate 
Product 
Rate 
Application 
Stage 
1 
Untreated --- --- --- --- --- 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
2 
INSTINCT
 
26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
3 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
4 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
5 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Transform 16.7 oz ai gal
-1
 WG 0.4 oz ai·ac
-1
 1.25 g·ac
-1
 VT/R1 
6 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Transform 16.7 oz ai gal
-1
 WG 0.4 oz ai·ac
-1
 1.25 g·ac
-1
 VT/R1 
7 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Cobalt Advanced 42.1 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 6.6 g·ac
-1
 VT/R1 
8 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Cobalt Advanced 42.1 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 6.6 g·ac
-1
 VT/R1 
9 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
Transform 16.7 oz ai gal
-1
 WG 0.4 oz ai·ac
-1
 1.25 g·ac
-1
 VT/R1 
10 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
Transform
 
16.7 oz ai gal
-1
 WG 0.4 oz ai·ac
-1
 1.25 g·ac
-1
 VT/R1 
11 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
Cobalt Advanced 42.1 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 6.6 g·ac
-1
 VT/R1 
12 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V4 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V4 
Headline Amp 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT/R1 
Cobalt Advanced 42.1 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 6.6 g·ac
-1
 VT/R1 
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Table 4.2. Locations and dates of planting, treatment applications, measurements, and harvest 
at the two Illinois sites in 2012. Julian days are shown in parentheses. 
  Dates 
Treatment or measurement Growth stage/timing Champaign DeKalb 
Planting – 18 May (138) 26 May (146) 
Nitrogen side-dress V4 15 June (166) 20 June (171) 
Fungicide and insecticide application VT/R1 21 July (202) 26 July (207) 
Crop injury rating 1 3 DAT 24 July (205) 29 July (210) 
Crop injury rating 2 7-14 DAT 30 July (211) 02 Aug. (214) 
Vigor rating 45 DAT 05 Sept. (248) 09 Sept. (252) 
Senescence rating 28 days before harvest 19 Sept. (262) 17 Oct. (290) 
Harvest – 16 Oct. (289) 14 Nov. (318) 
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Table 4.3. Senescence percentile ranges for  
each senescence rating group. 
Rating 
Lower 
Bound  
Upper 
Bound 
 
----------------------- % -------------------
---- 
1 80.1  100 
2 60.1  80 
3 40.1  60 
4 20.1  40 
5 00.0  20 
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Table 4.4. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on relative greenness of 
leaves via SPAD readings and by determining the senescence rating on a scale of 1 to 5 at Champaign 
and DeKalb IL, during 2012. 
 Location 
 Champaign  DeKalb 
Treatment SPAD 
readings 
Senescence 
rating 
 
SPAD reading 
Senescence 
rating 
1. UTC 39.3 4  47.2 3 
2. INSTINCT 37.8 4  47.2 4 
3. Headline AMP 39.6 4  45.5 4 
4. INSTINCT 
Headline AMP 
38.7 4  45.7 4 
5. Transform 36.6 4  45.3 3 
6. INSTINCT 
Transform 
40.1 4  44.0** 4 
7. Cobalt 
Advanced 
39.1 4  47.1 3 
8. INSTINCT 
Cobalt 
Advanced 
39.6 4  45.4 4 
9. Headline AMP 
Transform 
37.6 4  45.7 4 
10. INSTINCT 
Headline AMP 
Transform 
38.1 4  45.4 3 
11. Headline AMP 
Cobalt 
Advanced 
38.9 4  45.3 4 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
39.3 4  45.3 3 
      
Averages 38.7 4.0  45.8 3.6 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.5. Nitrogen inhibitor, fungicide, and insecticide treatment means for grain yield and yield 
components of corn at Champaign in 2012. Yield in bu acre
-1 
is expressed at 15.5% moisture, while 
yield in Mg ha
-1 
is expressed at 0 % moisture. 
 Yield components   
Treatment Kernel 
number 
Kernel weight 
 
Grain yield 
 no. m
-2
 mg kernel
-1
  bu acre
-1
 Mg ha
-1
 
1. UTC 3164 307  183 9.7 
2. INSTINCT 2781 306  161 8.5 
3. Headline AMP 2814 307  163 8.7 
4. INSTINCT 
Headline AMP 
3000 304  172 9.1 
5. Transform 2904 310  170 9.0 
6. INSTINCT 
Transform 
2954 314  176 9.4 
7. Cobalt 
Advanced 
3132 308  182 9.7 
8. INSTINCT 
Cobalt 
Advanced 
3289 307  190 10.1 
9. Headline AMP 
Transform 
3036 317  182 9.7 
10. INSTINCT 
Headline AMP 
Transform 
3128 317  187 9.9 
11. Headline AMP 
Cobalt 
Advanced 
3164 306  183 9.7 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
3195 308  186 9.9 
      
Averages 3047 309  178 9.5 
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Table 4.6. Nitrogen inhibitor, fungicide, and insecticide treatment means for grain yield and yield 
components of corn at DeKalb in 2012. Yield in bu acre
-1 
is expressed at 15.5% moisture, while yield in 
Mg ha
-1 
is expressed at 0 % moisture. 
 Yield components   
Treatment Kernel 
number 
Kernel weight 
 
Grain yield 
 no. m
-2
 mg kernel
-1
  bu acre
-1
 Mg ha
-1
 
1. UTC 4315 307  249 13.3 
2. INSTINCT 4302 302  245 13.0 
3. Headline AMP 4290 302  244 13.0 
4. INSTINCT 
Headline AMP 
4390 302  250 13.3 
5. Transform 4364 295*  244 13.0 
6. INSTINCT 
Transform 
4475 301  254 13.5 
7. Cobalt 
Advanced 
4364 305  251 13.3 
8. INSTINCT 
Cobalt 
Advanced 
4371 303  251 13.4 
9. Headline AMP 
Transform 
4293 297*  240 12.8 
10. INSTINCT 
Headline AMP 
Transform 
4337 310  253 13.4 
11. Headline AMP 
Cobalt 
Advanced 
4461 292*  246 13.1 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
4514 297*  253 13.4 
      
Averages 4373 301  248 13.2 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
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Table 4.7. Nitrogen inhibitor, fungicide, and insecticide treatment means for grain 
quality components at Champaign in 2012.  
Treatment Oil Protein Starch 
 -------------------------------------------- % -------------------------------------------- 
1. UTC 3.1 9.7 72.2 
2. INSTINCT 3.1 10.4** 71.6** 
3. Headline AMP 2.9 10.0 72.7* 
4. INSTINCT 
Headline AMP 
2.8** 10.0 72.7* 
5. Transform 3.1 10.0 72.4 
6. INSTINCT 
Transform 
3.3 9.8 72.1 
7. Cobalt 
Advanced 
3.2 9.8 72.2 
8. INSTINCT 
Cobalt 
Advanced 
3.1 9.6 72.5 
9. Headline AMP 
Transform 
2.9* 9.9 72.5 
10. INSTINCT 
Headline AMP 
Transform 
3.0 9.8 72.5 
11. Headline AMP 
Cobalt 
Advanced 
3.1 9.8 72.2 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
3.1 9.8 72.4 
    
Averages 3.1 9.9 72.3 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.8. Nitrogen inhibitor, fungicide, and insecticide treatment means for grain 
quality components at DeKalb in 2012. 
Treatment Oil Protein Starch 
 
----------------------------------------------- % ------------------------------------------
----- 
1. UTC 4.3 8.8 71.7 
2. INSTINCT 3.9** 8.7 72.4 
3. Headline AMP 4.0 8.7 72.4* 
4. INSTINCT 
Headline AMP 
4.0 8.6 72.3 
5. Transform 4.2 8.6 71.9 
6. INSTINCT 
Transform 
4.2 8.6 72.0 
7. Cobalt 
Advanced 
4.3 8.6 71.8 
8. INSTINCT 
Cobalt 
Advanced 
4.3 8.7 71.8 
9. Headline AMP 
Transform 
4.2 8.7 72.0 
10. INSTINCT 
Headline AMP 
Transform 
4.2 8.8 71.8 
11. Headline AMP 
Cobalt 
Advanced 
4.3 8.6 72.1 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
4.4 8.9 71.7 
    
Averages 4.2 8.7 72.0 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.9. Nitrogen inhibitor, fungicide, and insecticide treatment means for lodging and grain moisture 
of corn at Champaign and DeKalb in 2012. 
 Location 
 Champaign  DeKalb 
Treatment 
% Lodging 
% Grain 
moisture 
 
% Lodging 
% Grain 
moisture 
1. UTC 0 24.9  0.2 21.4 
2. INSTINCT 0 25.7  1.0 20.8 
3. Headline AMP 0 24.9  0.5 21.6 
4. INSTINCT 
Headline AMP 
0 25.0  0.0 21.8 
5. Transform 0 25.5  0.3 21.8 
6. INSTINCT 
Transform 
0 25.6  1.0 20.6** 
7. Cobalt 
Advanced 
0 25.8  0.3 21.6 
8. INSTINCT 
Cobalt 
Advanced 
0 25.7  0.5 21.1 
9. Headline AMP 
Transform 
0 25.8  1.1 21.8 
10. INSTINCT 
Headline AMP 
Transform 
0 26.2  0.5 21.2 
11. Headline AMP 
Cobalt 
Advanced 
0 25.7  0.8 21.3 
12. INSTINCT 
Headline AMP 
Cobalt 
Advanced 
0 25.8  0.5 21.4 
      
Averages 0 25.6  0.6 21.4 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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2013 RESULTS AND DISCUSSION 
Nitrogen, fungicide and insecticide treatment details, including the product concentrations, 
formulations, active ingredients, application rates, and application timings for the 2013 trials are 
shown in Table 4.10. Planting, treatment application, and harvest dates for 2013 are shown in 
Table 4.11. 
 
Weather Conditions  
The 2013 growing season began with above average precipitation and below average 
temperatures that delayed planting across much of Illinois. After pollination, Champaign 
experienced increased temperatures with limited precipitation (Figure 4.3). The timing of stress 
occurred during grain filling which may have shortened the grain filling period and ultimately 
reduced yield. At DeKalb, more timely precipitation events resulted in a higher average yield 
compared to Champaign (Figure 4.4). The DeKalb site appeared to experience less stressful 
temperatures compared to Champaign, especially during grain fill. 
 
SPAD Readings and Senescence Ratings 
There were significant effects of agronomic management on improved chlorophyll 
concentration (i.e., SPAD reading) at Champaign and to lesser extent at DeKalb when compared 
over crop protection products (Tables 4.12 and 4.13). At DeKalb, treatment with Transform 
insecticide improved the SPAD value by 6% (P ≤ 0.10) compared to the UTC. At Champaign, 
the addition of Cobalt Advanced insecticide increased chlorophyll concentration, especially 
when used in conjunction with INSTINCT and Headline AMP (Table 4.14). 
Senescence ratings at both Champaign and DeKalb resulted in significant differences in 
percentage of senesced leaf area when compared to the UTC (Table 4.14).The Champaign site 
had relatively uniform levels of senescence while plots in DeKalb exhibited greater levels of 
senescence with additional treatments. 
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Grain Yield and Yield Components 
The average yield at DeKalb was 245 bu ac
-1
 while yields at Champaign averaged 201 bu ac
-1 
(Tables 4.15 and 4.16). Yields at Champaign and DeKalb both showed significant differences 
between the INSTINCT + Headline AMP + Transform treatment and the UTC (Tables 4.15 and 
4.16). DeKalb responded well from additional management where the four highest management 
levels as well as the individual application of Headline AMP significantly increased yields over 
the UTC (P ≤ 0.05, Table 4.16). Headline AMP contributed to a significant 6.6 bu ac-1 increase 
over treatments that did not receive a fungicide when averaged between both locations, and an 
8.9 bu ac
-1
 increase at DeKalb (Table 4.13). When comparing Headline AMP to the UTC, the 
fungicide contributed to a significant 11 bushel increase at DeKalb, while treatments at 
Champaign tended to increase yields by nearly 10 bushels. 
Yield components were occasionally affected by increased individual kernel weight at 
Champaign with the addition of INSTINCT, and at DeKalb from the application of Headline 
AMP with INSTINCT by as much as 5% (P ≤ 0.05, Table 4.15 & 4.16) which has been shown 
from other fungicide research (Elmore and Abendroth, 2007). With the exception of Headline 
AMP at DeKalb, yield never simultaneously increased both kernel number and kernel weight 
within the same treatment due to yield component compensation. 
 
Grain Quality 
Grain quality was relatively unaffected by the treatments at DeKalb, whereas treatments at 
Champaign resulted in several significant changes in protein and starch concentrations (Tables 
4.17 and 4.18). The addition of INSTINCT significantly increased grain protein concentration at 
Champaign, as well as a few instances of altered grain composition from additional fungicide or 
insecticide applications (Table 4.12). Oil was not changed by the same treatments that increased 
protein, indicating a general trend for conservation of grain quality (Table 4.17). We hypothesize 
that differences in source availability resulted from foliar crop protection and positively 
influenced grain composition especially when combined with season-long N availability. Grain 
moisture was consistent across treatments at Champaign, while the addition of Headline AMP 
and some insecticides significantly increased grain moisture at DeKalb (Table 4.18). Overall, 
changes in grain protein may have been detected early in the season by taking SPAD 
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measurements due to a strong correlation between increased chlorophyll concentration and grain 
protein (Piekielek et al., 1995; Schepers et al., 1992; Yoder and Pettigrew-Crosby, 1995). 
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2013 CONCLUSIONS 
Due to a relatively wet spring and cool temperatures, the potential for in season loss of N was 
high, but high temperatures and late season drought stress at Champaign limited yields and 
response to management inputs. As such, additional N protection was not needed at Champaign, 
which limited the effect of INSTINCT. Correlations between chlorophyll measurements and 
increases in grain quality may create opportunities for in-season leaf greenness ratings to further 
manage N inputs. Despite low insect and disease pressure during 2013, there were significant 
yield responses from foliar fungicides supporting the concept of improved leaf health and the 
potential to increase yields via increases in kernel weight. These results indicate that when 
environmental conditions are conducive for plant stress, improved crop management is useful for 
increasing leaf chlorophyll content, grain yield and grain quality.  
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2013 FIGURES 
 
Figure 4.3. Precipitation and daily maximum and minimum temperature that 
occurred during the 2013 growing season at Champaign, Illinois. 
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Figure 4.4. Precipitation and daily maximum and minimum temperature that 
occurred during the 2013 growing season at DeKalb, Illinois. 
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2013 TABLES 
 
Table 4.10. Descriptions of the nitrogen inhibitor, fungicide, and insecticide treatments evaluated for yield and 
leaf health of corn at two locations in Illinois, during 2013. 
 
Trt Treatments Concentration Formulation 
Active 
Ingredient 
Rate 
Product 
Rate 
Application 
Time 
1 
Untreated --- --- --- --- --- 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
2 
INSTINCT
 
26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
3 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
4 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
5 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Transform 33.4 oz ai gal
-1
 WG 0.7 oz ai·ac
-1
 2.5 g·ac
-1
 VT 
6 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Transform 33.4 oz ai gal
-1
 WG 0.7 oz ai·ac
-1
 2.5 g·ac
-1
 VT 
7 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Cobalt Advanced 4.5 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 16 fl oz·ac
-1
 VT 
8 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Cobalt Advanced 4.5 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 16 fl oz·ac
-1
 VT 
9 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
Transform 33.4 oz ai gal
-1
 WG 0.7 oz ai·ac
-1
 2.5 g·ac
-1
 VT 
10 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
Transform
 
33.4 oz ai gal
-1
 WG 0.7 oz ai·ac
-1
 2.5 g·ac
-1
 VT 
11 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
Cobalt Advanced 4.5 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 16 fl oz·ac
-1
 VT 
12 
INSTINCT 26.7 oz ai gal
-1
 CS 7.3 oz ai·ac
-1
 32 fl oz·ac
-1
 V6 
UAN 28 % 28% L 200 lb ai·ac
-1
 66.8 gal·ac
-1
 V6 
Headline AMP 26.9 oz ai gal
-1
 SC 2.5 oz ai·ac
-1
 12 fl oz·ac
-1
 VT 
Cobalt Advanced 4.5 oz ai gal
-1
 EW 5.3 oz ai·ac
-1
 16 fl oz·ac
-1
 VT 
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Table 4.11. Dates of planting, treatment applications, measurements and harvest at the two 
Illinois sites in 2013. Julian days are shown in parentheses. 
  Dates 
Treatment or measurement Growth stage/timing Champaign DeKalb 
Planting – 18 May (138) 15 May (135) 
Nitrogen side-dress V4 12 June (163) 14 June (165) 
Fungicide and insecticide application VT/R1 24 July (205) 23 July (204) 
Crop injury rating 1 3 DAT 27 July (208) 26 July (207) 
Crop injury, aphid, & rootworm rating 7-14 DAT 06 Aug. (218) 05 Aug. (217) 
Vigor rating 45 DAT 07 Sept. (250) 09 Sept. (251) 
Senescence rating 28 days before harvest 07 Sept. (250) 17 Sept. (251) 
Harvest – 14 Oct. (287) 25 Oct. (298) 
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Table 4.12. Analysis of variance for fixed effects of Trt, as well as fungicide, insecticide, instinct combinations on grain yield, chlorophyll 
measurements, yield components, grain quality components at Champaign, IL, during 2013. 
Source of Error Yield 
Grain 
Moisture Senescence SPAD 
Kernel 
Number 
Kernel 
Weight Protein Oil Starch 
N 
Content 
Protein 
Content 
Fungicide (Fungi) 0.1198 0.6950 0.3550 0.9872 0.0978 0.9459 0.3074 0.1153 0.1349 0.1300 0.1300 
Insecticide (Insect) 0.6227 0.5487 0.8359 0.2984 0.2429 0.1176 0.5448 0.1984 0.0035 0.6742 0.6742 
Fungi*Insect 0.3887 0.5181 0.4610 0.5294 0.4173 0.6839 0.4351 0.9201 0.2671 0.3375 0.3375 
Instinct 0.4402 0.8962 0.6610 0.0521 0.8399 0.0832 0.0418 0.1937 0.7555 0.1184 0.1184 
Fungi*Instinct 0.6737 0.1039 0.1600 0.4660 0.2992 0.3178 0.7984 0.2615 0.6152 0.6986 0.6986 
Insect*Instinct 0.4117 0.6982 0.9068 0.2975 0.1031 0.5148 0.4995 0.8589 0.5485 0.8663 0.8663 
Fungi*Insect*Instinct 0.7444 0.0509 0.0232 0.9679 0.8674 0.5436 0.5618 0.5177 0.7184 0.5087 0.5087 
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Table 4.13. Analysis of variance for fixed effects of Trt, as well as fungicide, insecticide, instinct combinations on grain yield, chlorophyll 
measurements, yield components, grain quality components at DeKalb, IL, during 2013. 
Source of Error Yield 
Grain 
Moisture Senescence SPAD 
Kernel 
Number 
Kernel 
Weight Protein Oil Starch 
N 
Content 
Protein 
Content 
Fungicide (Fungi) 0.0005 0.0071 0.0686 0.3291 0.1486 0.0171 0.2150 0.7862 0.4461 0.0041 0.0041 
Insecticide (Insect) 0.6303 0.1016 0.0118 0.1097 0.4131 0.5556 0.8444 0.6912 0.1448 0.7558 0.7558 
Fungi*Insect 0.9942 0.1813 0.5475 0.2982 0.4261 0.1201 0.8774 0.2968 0.3035 0.9736 0.9736 
Instinct 0.5930 0.4800 0.5603 0.5633 0.9970 0.7019 0.3200 0.8774 0.0533 0.8323 0.8323 
Fungi*Instinct 0.9710 0.1073 0.3832 0.6441 0.3871 0.2368 0.5063 0.4769 0.8707 0.5261 0.5261 
Insect*Instinct 0.5623 0.5578 0.9114 0.5565 0.7585 0.4484 0.3700 0.5514 0.6999 0.2570 0.2570 
Fungi*Insect*Instinct 0.6441 0.9090 0.7391 0.7013 0.7234 0.8891 0.4457 0.9138 0.8882 0.9423 0.9423 
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Table 4.14. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on relative greenness of leaves 
via SPAD readings and by determining the senescence at Champaign and DeKalb in 2013. SPAD measurements 
and senescence ratings were taken approximately 45 days after fungicide and/or insecticide treatments. 
 SPAD Readings Senescence Ratings 
Treatment Champaign DeKalb Champaign DeKalb 
1. UTC 38.9 50.9 3.2 3.2 
2. INSTINCT 42.3 51.1 3.0 3.2 
3. Headline AMP 39.2 50.6 2.8 3.2 
4. INSTINCT
 
    Headline AMP 
44.0** 51.7 3.0 3.3 
5. Transform 42.3   54.0* 3.0 3.3 
6. INSTINCT
 
       
Transform 
42.1 53.6 3.2 3.3 
7. Cobalt Advanced 43.2* 50.9 2.7* 3.5 
8. INSTINCT
 
    Cobalt Advanced 
44.1** 51.1 3.3 3.4 
9. Headline AMP
 
    Transform 
41.8 52.5 2.8 3.5 
10. INSTINCT
 
      Headline AMP
 
      Transform 
 
43.2* 50.5 2.8 3.5 
11.Headline AMP
 
      Cobalt Advanced 
41.3 51.7 3.3 3.7* 
12. INSTINCT
 
         
Headline AMP
 
      Cobalt Advanced 
43.0* 50.2 2.8 4.0** 
Averages 42.1 51.6 3.0 3.4 
LSD (=0.10)   3.9 2.9 0.5 0.5 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.15. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on grain yield of corn at 
Champaign in 2013. Yield in bu ac
-1 
is expressed at 15.5% moisture, while yield in Mg ha
-1 
and individual kernel 
weight are expressed at 0 % moisture. 
  Yield components 
Treatment Grain Yield Kernel number Kernel weight 
 bu acre-1 Mg ha-1 no m-2 mg kernel-1 
1. UTC 196.9 10.5 3852 271 
2. INSTINCT 200.2 10.6 3775   281** 
3. Headline AMP 207.0 11.0 3983 276 
4. INSTINCT
 
    Headline AMP 
206.4 11.0 3948 278 
5. Transform 196.8 10.5 3850 271 
6. INSTINCT
 
    Transform 
202.0 10.7 3954 271 
7. Cobalt Advanced 201.4 10.7 3899 274 
8. INSTINCT
 
    Cobalt Advanced 
197.6 10.5 3730   281** 
9. Headline AMP
 
    Transform 
197.9 10.5 3856 273 
10. INSTINCT
 
      Headline AMP
 
      Transform 
 
207.2* 11.0* 4015 274 
11.Headline AMP
 
      Cobalt Advanced 
199.1 10.6 3845 275 
12. INSTINCT
 
      Headline AMP
 
      Cobalt Advanced 
199.6 10.6 3832 276 
Averages 201.0 10.7 3879 275 
LSD (=0.10) 10.3 0.5 176    8 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.16. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on grain yield of corn at DeKalb 
in 2013. Yield in bu ac
-1 
is expressed at 15.5% moisture, while yield in Mg ha
-1 
and individual kernel weight are 
expressed at 0 % moisture. 
  Yield components 
Treatment Grain Yield Kernel number Kernel weight 
 bu acre-1 Mg ha-1 no m-2 mg kernel-1 
1. UTC 239.0 12.7 4253 298 
2. INSTINCT 240.0 12.8 4279 298 
3. Headline AMP 250.0* 13.3* 4318 308* 
4. INSTINCT
 
    Headline AMP 
246.4 13.1 4185 313** 
5. Transform 239.5 12.7 4194 303 
6. INSTINCT
 
    Transform 
242.3 12.9 4313 299 
7. Cobalt Advanced 245.8 13.1 4303 304 
8. INSTINCT
 
    Cobalt Advanced 
238.1 12.7 4293 302 
9. Headline AMP
 
    Transform 
249.6* 13.3* 4424 300 
10. INSTINCT
 
      Headline AMP
 
      Transform 
 
250.6* 13.3* 4397 303 
11.Headline AMP
 
      Cobalt Advanced 
252.0* 13.4* 4368 306 
12. INSTINCT
 
      Headline AMP
 
      Cobalt Advanced 
250.6* 13.3* 4385 303 
Averages 245.4 13.0 4311 303 
LSD (=0.10)     9.7   0.5   209     9 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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Table 4.17. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on grain quality and moisture 
of corn at Champaign in 2013. 
Treatment Oil Protein Starch Grain Moisture 
 --------------------------------------------------------------------------- % ----------------------------------------------------------------------- 
1. UTC 3.3 6.8 74.1 18.9 
2. INSTINCT 3.3 7.2 74.0 18.5 
3. Headline AMP 3.3 7.1 74.0 18.5 
4. INSTINCT
 
    Headline AMP 
3.2 7.3** 74.0 18.9 
5. Transform 3.5 7.1 73.3** 18.8 
6. INSTINCT
 
    Transform 
3.4 7.3* 73.5** 19.1 
7. Cobalt Advanced 3.4 7.1 73.8 18.2 
8. INSTINCT
 
    Cobalt Advanced 
3.5 7.2* 73.5** 19.6 
9. Headline AMP
 
    Transform 
3.4 7.3** 73.6** 18.8 
10. INSTINCT
 
      Headline AMP
 
      Transform 
 
3.3 7.2* 73.7 18.0 
11.Headline AMP
 
      Cobalt Advanced 
3.4 6.9 74.0 19.6 
12. INSTINCT
 
      Headline AMP
 
      Cobalt Advanced 
3.2 7.2** 74.1 18.6 
Averages 3.3 7.1 73.8 18.8 
LSD (=0.10) 0.2 0.3   0.5 1.0 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
 
 
 
 
 169 
 
Table 4.18. Effect of nitrogen inhibitor, fungicide, and insecticide combinations on grain quality and moisture 
of corn at DeKalb in 2013. 
Treatment Oil Protein Starch Grain Moisture 
 --------------------------------------------------------------------------- % ----------------------------------------------------------------------- 
1. UTC 3.9 8.0 73.0 28.0 
2. INSTINCT 3.9 7.9 73.3 28.5 
3. Headline AMP 3.8 7.9 72.3 28.7* 
4. INSTINCT
 
    Headline AMP 
3.5 8.0 72.8 28.6 
5. Transform 3.6 7.8 72.8 28.6 
6. INSTINCT
 
    Transform 
3.7 7.9 73.1 28.7* 
7. Cobalt Advanced 3.6 7.8 73.1 27.7 
8. INSTINCT
 
    Cobalt Advanced 
3.7 7.9 73.1 28.1 
9. Headline AMP
 
    Transform 
3.8 7.8 73.0 28.9** 
10. INSTINCT
 
     Headline AMP
 
     Transform 
 
3.9 8.1 73.1 28.6 
11.Headline AMP
 
     Cobalt Advanced 
3.6 8.0 73.0 28.6** 
12. INSTINCT
 
      Headline AMP
 
      Cobalt Advanced 
3.6 7.7 73.8 28.8** 
Averages 3.7 7.9 73.0 28.5 
LSD (=0.10) 0.4 0.3 0.9 0.6 
* Indicates that the treatment is significantly different from the UTC at P ≤ 0.10. 
** Indicates that the treatment is significantly different from the UTC at P ≤ 0.05. 
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